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Preface

The purpose of this study was to develop a set of

procedures that could be combined into a multivariate data

analysis package that would run on an Apple microcomputer.

The immediate use for this package is as a teaching aid in

the classroom or microcomputer center and as a research tool

for users to do a 'ball-park' analysis of a data base.

Included in the package are procedures to handle data

base definition and modification, Factor (Principal

Component) analysis, and Canonical Correlation analysis.

Because the package was constructed in discrete units, the

data section and applicable parts of the statistical sections

can be incorporated into other multivariate routines.

In writing this package I have had a lot of help from

others. I am thankful to my advisor, Major Joe Coleman, for

his help in interpreting the statistical formulations used. I

also wish to thank my reader, Captain Patricia Lawliss, for

her many hours in helping to debug the programs as well as

helping construct the package structure.

David P. Kunkel
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JThis study showed that a set of procedures could be

o4.'-.

. written and combined into a multivariate data analysis

used as a teaching aid in the classroom or microcomputer

center and as a research tool for users to do a 'ball-park'

anal ysi s of a data base. I nclIuded i n the package are

. procedures to handle data base definition and modification,

4%*

,-. .Factor analysis,, and Canonical Correlation analysis.

The PASCAL Statistical Procedures Package (PSPP) was

% written on an Apple Ile microcomputer using the Apple PASCAL

1**.'

%' language and operating system. It will output to a printer in

a 132 character per line format. If an on-line printer is

.!! only capable of 80 characters per line, wrap-around will

pacThke taw is composed o 4 top-level procedures stored

in Regular Units and 163 library procedures stored in 13

.9-

Intrinsic Units. Units are Apple PASCAL structures that allow
wrte program segmentation.
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I. Introduction

Statistical analysis of data, in order to suggest

possible cause and effect processes, has long been an

accepted methodology. Only recently have multivariate

techniques become accepted as a means of reducing error

introduced by the interdependence between the presumed

independent variables. One of the most common software

packages for working with multivariate data is SPSS

*(Statistical Package for the Social Sciences) by Nie (17)

that has been available for some time for use on mainframe

computers. However, there is a lack of software for

"' microcomputers which are portable enough to be used in the

classroom.

Statement of Issue

," SPSS is written for mainframe computers and can utilize
4

large amounts of core memory. It is designed to produce a

great number of combinations of statistics for large data

bases. It is not user friendly and has slow turn around.

Consequently, it is not a good tool to teach multivariate

techniques to the new student.

Research Question

This thesis is an attempt to write a package of

multivariate routines, to be used in an interactive user

-'A Pfriendly program, that can be run on a microcomputer in the

classroom or microcomputer center. The question to be



answered is whether a useful set of routines can be written

that can run quickly and accurately on a microcomputer.

Obiectives of the Research

1) Write routines to do data input and modification,

Canonical Correlation analysis, and Factor analysis, in

PASCAL for the microcomputer.

2) Write a User's Guide for the package.

3) Validate the procedures by comparing the results to

those achieved via SPSS.

Specific Objectives

1) The routines should be user friendly to help the

unsophisticated user.

2) Swapping in and out of core to disk is required to

minimize core usage by the routines in order to maximize the

amount of data that can be analyzed.

3) Sophisticated matrix mAnipulation techniques need to

be used for speed and to minimize core usage.

4) Numerical analysis techniques need to be used to

approximate higher order polynomials to at least the tenth

order for necessary flexibility.

scoe

The thesis consists of four major sections: the main body

and three appendices. The main body introduces the problem

and discuss the procedures used for and the results of the

program validations. The first appendix contains the User's

Guide, the second is the results of the validation runs, and

the third is the coding for the package.

... 2
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The User's Guide consists of an introduction and six

sections. The introduction outlines the package as to the

techniques available and the kind of data that can be

analyzed. The first three sections specifically outline usage

of each of the three main modules: DATA, CANCOR, and FACTOR.

The fourth covers formatting of blank disks for storage of

data files. The next outlines special features to manipulate

data files, and the last describes the specific constructinn

of the package.

1? 41 This package is limited as far as the size of data b is

it will handle (200 records of 10 variables each). Accu, e,

is limited to single precision (6 or 7 significant digits)

and while the routines are precompiled, the program is slow

in execution compared to a mainframe computer. These

limitations are driven by the nature of microcomputers and

their operating languages. However, because the package is

interactive, results are available to the user immediately in

a user friendly manner.

O.4
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II. Backaround Study

Introduction and Organization

In order to meet the objectives and s 3objectives, it was

necessary to research five topic areas. F>,-st, to present the

proper use of each of the techniques, aF, well as insuring

correct procedures, multivariate data analysis in general was

researched. Next, because all of the techniques are based on

matrix algebra, matrix manipulation techniques were

researched for use in the various procedures. Third, in order

to use matrix algebra, it is necessary to solve an eigenvalue

problem. Because the computer can not solve it analytically,

polynomial approximations must be used. To be as flexable as

possible, it should be capable of at least tenth order

polynomial approximations. Numerical analysis techniques were

researched for the necessary background to solve such a

problem. Next, due to the small core memory limitation

inherent in microcomputers, it was necessary to research both

program and data segmentation procedures. Finally, because

the primary use of this package will be for classroom

instruction, it is necessary that the routines be user

friendly and operational in an interactive mode. Computer

menus are a key factor in program useability as is

'idiot-proofing' routines so that the user is prevented from

making critical errors.

.'o o.4
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Multivariate Analysis

The bulk of the material used as the basis for procedure

construction comes from information pr ited in the AFIT

course 'Applied Multivariate Data Analy s." McNichols (13)

presents the mathematical background Id a step-by-step

development for each of the techniqu j. Class notes (4)

supply supplemental and clarifying infc- -ation. The SPSS

manual (17) contains a limited background for the techniques,

in addition to procedures for running them on the CDC 6600

mainframe computer for validation.

Matrix Manipulation
Mr

McNichols (13) presents some of the classical matrix

algebra, but little on actual implementation. Specific

procedures for multiplication and inversion were found in

Carnahan (3), Conte (5), and McMillan (12). The numerical

analysis texts (3.5) also contain necessary checks to insure

invertabi 1 ity.

Numerical Analysis

McNichols (13) has a good presentation of the eigenvalue

problem, but does not get into polynomial approximating

*. techniques. Carnahan (3), Conte (5), and Douglass (7) provide

the necessary background and procedures to solve a tenth

order approximation.

Memory Maintenance

Because the compiled program code and data storage

locations together would use more memory space than is in a

microcomputer, it is necessary to split either the data or

5
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the program into segments. Data structures needed to be

developed to minimise the use of core by overwriting the same

memory location whenever possit P. It was lso necessary to

not duplicate variable structures by usin, 'call by location'

procedures as opposed to 'call by value' outines. Lewis (10)

contains several procedures for develop.ng such structures.

The swapping of data between core and disk requires

specialized interface routines which can be found in Swanson

(19).

The PASCAL programming language allows the usage of

routines that can split a program into 'units' that are

stored in 'libraries' and are present in memory only when

needed. Merritt (14,15,16) provides an excellent explanation

and guide for usage of those routines. General information

about PASCAL is found in the Apple PASCAL manuals (1,2) and

'. Zaks' Introduction to PASCAL (20).

Interactive Driver and Graphics

As mentioned above, ease in program useability is

centered around effective computer menus. Root (18) presents

to the public domain a powerful procedure for developing

customized menus. Some aspects of his procedure were useful

for data input as well as aiding in user selection of program

options.

In order for programs to continue executing despite any

errors made by the user, it is necessary to 'idiot proof' the

software. Cox (&) presents several techniques that protect

both the program and the disk.

' i, 6



-' Finally, user friendly programs need to present solutions

in a format that is easily understood and interpreted by the

user. Graphics displays do this much better than lists of

numbers. Procedures for numerous graphics generations are

found in Korites (9).

Summary

A review of statistical and microcomputer journals failed

to turn up programs of a multivariate nature that could do

Canonical Correlation or Factor analysis on a microcomputer.

The materials indicated above were sufficient to solve the
research problem in question: the development of a

multivariate analysis package for use in the classroom on a

microcomputer. With this program an instructor can teach the

techniques necessary for the student to run multivariate data

* .". analysis programs, such as SPSS, on main-frame computers with

41 larger data bases. This will not only increase student

understanding of multivariate analysis but will also decrease

the time spent learning the techniques on non user friendly

systems.

V-.-
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III. Package Validation

In order to check the validity of the numbers produced by

the package, a cursory comparison was made between the output

of the package and the output of SPSS while using the same

data bases. Included in Appendixes A & B are the data and

outputs from both the package and SPSS.

Validation Runs

The first section of Appendix B is the SPSS output for

the data used as calculation examples throughout the User's

Guide (Appendix A). Both the results of CANCOR and FACTOR are

represented.

The next section includes data bases from an original

Computer Performance Analysis data base that was 164 records

long by 10 variables wide. The data base was first edited by

deleting one record that was not representative of the rest.

Next, four original variables plus two computed variables

(numeric sums of two original variables) were used to make a

CANCOR data base. Finally, six original variables were used

to make a FACTOR data base.

Both of the large data bases were then run through both

the package and SPBS and the results placed in the Appendix

B. It should be noted that 9PSS, which keeps track of more

significant digits, prints out more decimal places than PSPP.

For comparison, round the SPBS outputted values to the same

number of decimal places printed by PSPP.



Example CANCOR Data

A comparison of the SPSS output with the calculations

produced by the PSPP showed identical values far all areas

common to the two packages with two exceptions. First, the

CHI Square test statistics differ slightly. This discrepancy

is probably the result of different calculation routines

coupled with the differences in accuracy due to significant

digit storage. The PSPP results are comparable in magnitude

* - but more conservative (smaller) than those produced by SPSS.

Second, the Coefficients for Canonical Variables output

of both sets show a sign reversal for CANVAR 2. This would be

the consequence of a sign reversal of all the values in the

eigenvector associated with the second eigenvalue. This is
'U.4

probably the result of different calculation routines coupled

with the differences in accuracy due to significant digit

storage. It should be noted that this sign reversal also

shows up in the Canonical Variate Scores and the Structure

Correlations outputs but has no impact on the Indexes of

Redundancy because the associated Alpha and Beta values are

squared.

Examole FACTOR Data

A comparison of the SPSS output with the calculations

produced by PSPP showed identical values for all areas common

." to the two packages.

(a' CANCOR Validation Data

lat A comparison of the SPSS output with the calculations

Cproduced by PSPP showed identical values for all areas common

-~i 9
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to the two packages with three exceptions. As before, the CHI

Square test statistics differ slightly (first or second

decimal place) with the PSPP results being more conservative

(smaller) than those produced by SPSS. Next, the Coefficients

for Canonical Variables output of both sets show a sign

reversal for CANVAR 1. As before, this would be the

consequence of a sign reversal of all values in the

eigenvector associated with the first eigenvalue. Lastly, two

of the Coefficients for Canonical Variables in CANVAR 3 of

the Second Set differ slightly in the fourth decimal place.

This is probably due to the differences in accuracy due to

significant digit storage.

FACTOR Validation Data

A comparison of the SPSS output with the calculations

produced by PSPP showed identical values through the

eigenvalue outputs where there is a difference in the fourth

decimal place for two of the six eigenvalues. Further

calculations based upon these eigenvalues show an increasing

divergence between the SPSS and PSPP outputs. The Factor

Matrix output has a worst case divergence in the fourth

decimal place, while both the Communality and Factor Score

Coefficients outputs have worst case divergences in the third

decimal place. No comparison was done of the Factor Scores,

but they would probably be comparable through at least the

second decimal place.

There is also a sign a reversal in the second and third

Factors in both the Factor Matrix and the Factor Score

10
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Coefficients outputs. As before, this would be the

consequence of a sign reversal of all the values in the

eigenvectors associated with the second and third

eigenvalues.

Conclusion

The results of the calculations done by PSPP are very

close to those done by SPSS. The discrepancies are probably

the result of different calculation routines coupled with the

differences in accuracy due to significant digit storage.

Because the data in the bigger data bases start with a large

number of decimal places, subsequent calculations are

constantly being truncated when more than 6 or 7 significant

digits are produced.

It should be noted that the PSPP runs were made using the

most accurate setting of Epsilon when the eigenvalues were

calculated. This setting requires more iterations, and

consequently more time; especially for larger matrices. If a

larger size for Epsilon is used, the eigenvalues and all

subsequent calculations based on those eigenvalues differ

from those produced by SPSS. It is up to the user to decide

which is more important: the speed in calculating the

eigenvalues or their accuracy. The default Epsilon of .0001

was chosen as a good trade off value between speed and

accuracy. The eigenvalues calculated using the default appear

to be accurate through at least two decimal places.

A1
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IV. Recommendations

The future will most likely see an ever increasing use of

computers in educational settings as an aid to learning in

all disciplines. Consequently, the need for software to run

on portable microcomputers will also increase. This study has

shown that it is possible to write a package of routines that

can be used by an instructor in the classroom or

microcomputer center in teaching multivariate data analysis.

Further research is recommended in this area using the

procedures in this thesis as a starting point. It should be

possible to write more multivariate routines that use the

data section and applicable parts of the other sections.

Routines to do Multiple Analysis of Variance (MANOVA),

Multiple Regression, Residual Analysis, and Discriminant

Analysis are a few areas that could be added.

Improvements could also be made within the body of the

-. current code. First, the use of PASCAL Long Integer variables

instead of Real variables could greatly increase the accuracy

and flexability of the package at the expense of speed,

memory, and disk space. Real number storage, while simpler

and cheaper to use, is limited to 6 or 7 significant digits

on the Apple in PASCAL. Use of Long Integers would allow

string storage and manipulation of alphanumeric characters

with up to 36 significant digits of accuracy with numbers.

Also, it should be possible to add more and better high

12



resolution graphics to the package at the expense of memory

and disk space.

A. These last areas of improvement may be infeasible because

then package is already pushing the limits of useable memory

(39,900 bytes) available in a standard Apple microcomputer

capable of running PASCAL.

J.13
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Introduction

Multivariate Statistics

Statistical analysis of data, in order to suggest

possible cause and effect processes, has long been an

accepted methodology. Only recently have multivariate

" techniques become accepted as a means of reducing error

introduced by the interdependence between the presumed

independent variables. The PASCAL Statistical Procedures

Package (PSPP) is a collection of routines that can handle

data input, storage, and manipulation plus the two

multivariate techniques of Canonical Correlation analysis and

Factor (Principal Component) analysis. Some user knowledge is

expected about the operation and booting of microcomputers.

Data Structure

The PSPP is designed to work only with real data values.

All integer inputs are stored as reals. Alphabetic entries

must be transposed to numerals; A/B/C could be entered as

MA_ 1/2/3 or -1/0/1, as desired. Further, variables should be

pre-scaled so that they are not very large or very small.

There is a limit of 7 significant digits in internal storage.

Larger numbers will be rounded and represented in scientific

notation. Entries should be rescaled to representations of

millions of units or hundredths of a unit, as applicable. It

is important to note that arithmetic operations, such as the

calculation of means, done on data transposed from the

17 A-i
-a ;v'; ,, ," , . ., ;- - " " ,' ,. ....-.. ,. . ... '..y -... '.......... ... ? .'



nominal (e.g. male / female) type or the ordinal (e.g.

high-school / under-graduate / graduate) type could produce

meaningless numbers. Finally, there are no provisions to

handle missing data. A number must always be entered; even if

only a zero. If this would bias results, consideration should

be given to excluding cases with missing data fields.

Limitations

The PSPP is limited in the size of data bases it can

handle. There is an upper limit of 200 records or cases of

data, each with a limit of 10 variables or data fields.

Analysis of larger data bases should be done via SPSS on a

mainframe computer. There is a limit of 80 columns or

characters per record so that one entire record can be viewed

on one line of the microcomputer screen. There is a minimum

of 8 columns and a maximum of 15 columns for each field width

(variable). This includes room for & significant digits, a

leading minus sign, a decimal point, scientific notation if

required, and leading spaces. Data should be pre-scaled as

described above to meet this requirement. Finally, there is

an upper limit of 15 characters in the storage of field

names. Longer names are automatically truncated on entry.

Further, the names are truncated down to their designated

field width when displayed on the screen. This means that the

name 'EDUCATION' will be displayed as 'EDUCATIO1 if the field

width is 8. It should be noted that if a printer is being

used, data lines are expanded up to 132 columns with spaces

inserted between the fields and longer names printed. If the
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printer is limited to 60 columns, wrap-around will occur if

more than 80 characters are printed on a line.

System Start-up

The PSPP is written to be run on an Apple Ile system with

- two disk drives and printer connected. It will run without a

• "printer. The program disk should be inserted in the boot

* .idrive, Side I up. A preformatted data disk should be inserted

. in the non-boot drive. After booting, the sequence in Figure

•* . 1 should be followed to run PSPP.

>COMMAND: E(DIT, R(UN, F(ILE, C(OMP, L(INK, X(ECUTE,..
S

>SWAPPING IS OFF
>TOGGLE SWAPPING
y

>COMMAND: E(DIT, R(UN, F(ILE, C(OMP, L(INK, X(ECUTE,..
X

>EXECUTE WHAT FILE?
PSPP (return)

Figure 1. System Start-up

Use of SWAPPING allows for more memory use. It is required if

the MODIFILE procedure in the DATA module is going to be

used.

In Figure 1, and throughout the rest of the User's Guide,

computer prompts and messages are proceeded with a 1'

character. All others are as the user would enter at the

keyboard; with notes in parenthesis.

Introductory remarks, if selected after booting, explain

19 A- 3
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.- how to make entries. There are two types of user inputs:

1 - When asked to 'ENTER' a value, the user should
type a response, the press the (return) key;

2 - When asked to 'SELECT' an option (from a menu or
list of options) or asked a YES or NO question,
the (return) key need not be pressed.

.' Whenever a routine finishes, control is returned to a higher

level menu and the user must then select how to proceed.

In order to format blank data disks, reference Section

IV. Other special procedures for manipulating the data disks

are explained in Section V. Included are procedures that L

(list directory), R (remove a file), C (change a file name),

and K (crunch available space).

4.-1
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I. Data Manipulation

The Data Manipulation Module (DATA) is the largest and

most complicated part of the PSPP. It handles the input of

new data into a data file, saving that data file to disk,

loading that data file from disk, the modification of data in

a data file, and the printing or echoing of the data file to

either the printer and the screen, or just the screen. Before

proceeding, the user should reference Section IV on the

Formatting of Blank Data Disks so that any new data files

made can be saved.

Make File Routine

Once selected, MAKEFILE gives the user the option of

viewing the following instructions or proceeding immediately

to the SATHERDATA routine. Before entering data, the user

must modify the data with certain considerations in mind.

First, all entries must be numeric because data is stored in

a real array. Nominal categories such as Male/Female that

have been coded as M/F, or even A/B, need to be recoded as

numbers, such as 1/2. Missing or blank fields in a record

might be stored as zero, but consideration should be given to

excluding that record if that would bias desired results.

Next, there are upper limits of 200 records per data file and

10 fields per record. There is a further limit of 80

characters per record. This includes all decimal points and

spaces between fields. This is done to allow the viewing of

21 A -5
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% one complete record on an 80 column screen. Lastly, the first

field of any record cannot be 9999, as this is the value used

to signify data entry completion.

The data is entered into the file in three stages. First,

the number of data fields or variables is requested. This

value can be any number between 1 and 10 inclusive, but only

the integer part is saved. The user is then shown the value

S.-- the computer accepted and is given the option of changing it.

For instance, if the user inputs 6.7, the computer will

accept 6 as the number of fields.

The name and width of each field is then requested. The

user must remember to leave room for the largest (in number

of characters) value in each field, as well as decimal points

and spaces between fields. There is a minimum limit of 8 and

a maximum of 15 characters per field. To calculate field

width, take the number of characters desired left of the

decimal point and add 7. For example, if 23.45 is the largest

value in a field, set the field width to 9 (i.e. 2+7).

The field name should be less than or equal to the field

width; otherwise the name will automatically be truncated to

fit. For example, 'EDUCATION' will be stored as "EDUCATIO" if

the field width is 9. Once all names and widths have been

entered, the user is given the option of making changes until

the desired structure is achieved.

Finally, each record is entered, one field at a time.

After the last field is entered, the user is asked if any

changes need to be made before moving on to the next record.

A -6
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It should be noted that the computer does not check whether

the field width was violated by any entry. This will not

affect any computations, but when the data is echoed, the

data will not be printed in neat columns and wrap-around on

the screen may occur if there are more than 80 columns of

data. After the last record has been entered, and the number

of records (NUMREC) is less than 200 (MAXREC), the value 9999

should be entered into the first field to signify data entry

completion. After the last record has been entered and

approved by the user, control is returned to the main Data

Module menu.

Figure 2 is an example of how these criteria can be met,

given the case where sex and letter grades of five students

need to be entered.

Name Sex Grade StuNum Sex Grade

Mike M B+ 1.00000 1.00000 3.30000
Sally F B 2.00000 2.00000 3.00000
Dave M A- > 3.00000 1.00000 3.70000
Donna F A 4.00000 2.00000 4.00000
John M C 5.00000 1.00000 2.00000

Figure 2. Sample Input

Save File Routine

Before this routine is run, the user should ensure that a

properly formatted data disk is in the non-boot disk drive,

- and that there is enough room on that disk. There is room on

one disk for about 14 different data files, if all are the

maximum size of 200 records by 10 variables -- more if the

23 A-7
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files are smaller. Files are automatically written at the

beginning of the largest free area on the disk. It should be

noted that changing a file and then resaving it with the same

name will cause the relative positions of files on a disk to

change. This could lead to a subsequent save failure due to

lack of space, if the largest available area on the disk is

smaller than the file size. See Section V for instructions on

'Krunching' data files to consolidate available space.

When activated by the user, SAVEFILE asks the user to

enter the desired file name. The computer will treat lower

case and upper case letters the same. There is a limit of 10

characters in the file name and the first character must be a

letter. The data file is then saved to a properly formatted

data disk under the name: <user inputed name>.TEXT. The .TEXT

suffix is used only by the computer and should NOT be used by

the user. When the save is successfully completed, or the

user declines to try another save after a failure, control is

returned to the main Data Module menu.

Load Data Routine

When activated by the user, LOADDATA asks the user to

enter the desired file name. If the desired filename or disk

is not found, the user is notified of the failure and offered

a chance to try again. Once the specified file is found, the

load begins and overwrites any data previously existing in

the data arrays. When the load is successfully completed,

control is returned to the main Data Module menu.
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Modify Data Routine
The MODIFILE routine is the largest and most complex

section of the Data Module. Once a data file has been loaded

into memory, either by the user with MAKEFILE or from disk

using LOADDATA, the various parts of MODIFILE can be used to

add a record, delete a record, add a field, delete a field,

change a record, or change a field. It should be noted that

additions cannot be made that would violate the upper limits

of 10 fields per record or 200 records per file. NOTE: The

SWAPPING option should have been set when the system was

booted in order for MODIFILE to run properly.

Add a Record. When activated by the user, ADDAREC has

the user enter a record one field at a time in the same

manner as used in the MAKEFILE routine. Once all fields have

been entered, the user has the option of making changes until

the record is acceptable. Once accepted, the record is stored

at the end of the data array.

Delete a Record. When activated by the user, SUBAREC

asks the user the index of the record to be deleted. This

number must be between 1 and NUMREC (number of records in

file). The selected record is then displayed for the user who

has the option of either proceeding with or canceling the

removal of that record. If the removal is accepted, that

record is overwritten by the last record in the file and

NUMREC is decreased by one.

Adda Ejild. When activated by the user, ADDAFLD has the

user define the new field width and name in the same manner

A-9
25

.4 .%°. . A A~~ A.. .~



used by the MAKEFILE routine. A check is made to insure that

the upper limit of 80 characters per record is not violated.

Once properly defined, the new field is filled by the

FILLFIELD routine described below.

Delete a Field. When activated by the user, SUBAFLD

* .displays the fields and widths of those that are currently in

the file. The user is then asked the index of the field to be

deleted, if any. This number must be between 1 and WIDTH

(number of fields in a record). If one is selected, that

field is overwritten by the last field in the file and WIDTH

is decreased by one. A warning is displayed if the last field

in the file was deleted.

Chanam a Record. When activated by the user, CHGAREC

asks the user the index of the record to be changed. This

number must be between 1 and NUMREC (number of records in

:. file). The selected record is then displayed for the user who

. has the option of either proceeding with or canceling the

change of that record. If a change is designated, the user

has the option of making changes until the record is

acceptable.

Chanam a Field. When activated by the user, CHGAFLD

displays the fields and widths of those that are currently in

the file. If a change is still desired, the routine has the

effect of deleting the selected field and then adding a field

in that position in the same manner as ADDAFLD. Once properly

defined, the new field is filled by the FILLFIELD routine

described below.
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Fill Field. When activated by either the ADDAFLD or

CHGAFLD routines, FILLFIELD gives the user three options for

filling the designated field and definitions of each. The

* -.x Recode option fills the specified field with user-selected

--constants; based on partition(s) within that or a different

field. The Compute option computes and stores in the

specified field the results of one or more arithmetic

*" * operations on one or more fields. The User Select option

accepts data as input by the user at the keyboard, one record

at a time.

Recode. When activated by the user, RECODE first

,v displays a set of instructions. The routine works by

partitioning the data of a selected field based on range(s)

between two endpoints. The user has the option of entering

numeric endpoints or using the values LOWEST and HIGHEST.

Those points indicate the two extremes of the data field. It

should be noted that once started, the user cannot leave the

RECODE routine without using LOWEST and HIGHEST at least

once. This is done to ensure all data points in the field are

recoded. The routine is repeated as many times as desired by

the user, but no actual recoding is done until the user exits

the routine. At that time, the NEWFIELD buffer, where all

recodes are temporarily stored, is written over the specified

7.7- field. Figure 3 shows how a recode session might look. When

exiting RECODE FIELD, after having set LOWEST and HIGHEST at

least once, the user has one last option of making the save

final or exiting without saving.

A - 11
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>Enter field to use in recoding:
4 (return)

>Select desired option:
>1 - Enter a partition
>2 - Exit RECODE FIELD

>Set partition bottom edge using:
>1 - Numeric endpoint
>2 - LOWEST value

2

'-. >Set partition top edge using:
>1 - Numeric endpoint
>2 - HIGHEST value

>Enter upper endpoint:
12.0 (return)

>Enter value to recode partition with:
1 (return)

>Partition is:
>Recode LOWEST to 12.00000 with 1.00000

->Select desired option:
>1 - Proceed with RECODE
>2 - Skip this RECODE

1

>Recoding. . .

>Select desired option:
>1 - Enter a partition
>2 - Exit RECODE FIELD

2

>WARNING: Must reference both HIGHEST and LOWEST
>Press any key to continue (return)

>Select desired option:
>1 - Enter a partition

1 >2 - Exit RECODE FIELD

Figure 3. Sample Recode Session

A - 12
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Compute. When activated by the user, COMPUTE displays

some instructions prior to proceeding. This routine works by

performing a computation based on one or two fields and/or

user inputted constants and one operand. Any undefined

results will be stored as 99.9999. The procedure can be

executed more than once for two or more operations with the

specified field holding the intermediate value(s). The user

is first asked whether to use a field or a number for the

first variable. Depending on selection, the index of the

field or the value of the number is then entered. Next, one

of the operands from Figure 4 is selected by the user.

These require a second variable:
A - Addition (+)
B - Subtraction C-)
C - Multiplication (*)
D - Division (/)

These operate on the first variable:
E - Square (SQR)
F - Square Root (SQRT)
8 - Natural Log (LN)
H - Log Base 10 (LOG)
I - Exponential (EXP)
J - Absolute Value (ABS)
K - Truncate (TRUNC)
L - Round (ROUND)

Figure 4. COMPUTE Operands

If the operand requires a second variable, it is entered in

the same manner as the first. The computation selected by the

user is then displayed for final approval before any

computation is made. As an example of how this procedure
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might be used, assume that it is desirable to multiply the

contents of Field #3 by 2, add the contents of Field #7, and

store the results in Field #4. During the first time in

COMPUTE, Field #3 is designated for Variable #1, the multiply

operand is selected, the value 2.0 is designated, and the

resultant is stored in Field #4. During the second time in

COMPUTE, Field #4 is designated for Variable #1, the addition

operand is selected, Field #7 is designated for Variable #2,

and the resultant is stored back in Field #4.

User Input. When activated by the user, USERINPUT

displays a warning about inputting values that exceed the MAX

WIDTH for the field. If there is a value too wide, the user

should enter the rest of the values, run the CHGAFLD routine

to expand the field width, and then exit FILLFIELD without

changing the field values. If the user decides to continue

with USERINPUT, the values are then input one record at a

time. The current record index and the total number of

records (NUMREC) are displayed. Any errors on entry should be

noted and later corrected using the CHGAREC routine.

Once completed, all of the six parts of MODIFILE return

control to the MODIFILE menu, where the user has the option

of further modifications or exiting the routine. After

exiting MODIFILE, control is returned to the main Data Module

menu.

Echo File Routine

When activated by the user, ECHOFILE asks the user if a

limited or complete echocheck is desired. If a limited one is
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selected, the user is given the option of which fields to

print. After selection, the user is then given the option of

making changes until satisfied. Once the fields have been

finalized, the user is given the option of sending the

- echocheck only to the screen or to the screen and printer (if

- . there is one available). The file is then echoed, one page at

a time, with the user pressing any key to display the next

page.

0l.
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II. Canonical Correlation

4.." -The Canonical Correlation Module (CANCOR) has the user
'a,

select two sets of variables from the data array. It then

derives a linear combination from each set so that the

correlation between the two linear combinations is maximized.

In other words, the goal is to account for a maximum amount

of the relationship between the two sets of variables. It is

similar to a multiple regression problem with more than one

criterion variable as well as more than one predictor

variable. The data in Table I is the data used in the

examples throughout this section.

Y1 Y2 Xl X2

1 3 2 4
3 2 4 3
4 6 5 7
5 3 6 4
7 5 8 6
6 8 7 9
9 7 6 9
8 9 9 7
5 7 3 6
9 4 9 6

Table I. Example CANCOR Data

Assion Variables. When first activated by the user,

CANCOR calls ASSIGNVARS for variable selection. The user is

then shown the current status for each of the fields and

asked whether to assign a predictor, assign a criterion,

remove an assignment, or exit ASSIGNVARS. Once entered, this

32 A- 16
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routine will not allow the user to exit until at least two

variables are assigned to each set. This means that there

should be at least four variables in the data base before

calling CANCOR. The user has the option of making as many

changes as needed to correctly assign the variables to the

two sets.

Calculate Statistics. The next routine called by CANCOR

calculates and prints the means and standard deviations for

each of the selected variables, segregated by set. If a

printer is on-line, the results are printed there as well as

on the screen. Figure 5 is the output using the example data.

Variable Mean Standard Deviation

Y1 6.00000 2.48633
Y2 5.75000 2.37888
X1 6.33333 2.42462
X2 6.41667 1.97523

Figure 5. Statistics Output Example

At this point, the user is given the option of exiting CANCOR

without proceeding to data standardization.

Standardize. In preparation for calculating the Sample

Correlation Matrix, the selected variables are standardized

by subtracting the field mean and dividing by the field

standard deviation. It should be noted that if there is only

one record, the standard deviations are zero, the data values

become undefined, and are represented as 99.9999. The

standardized values are written over the original values in
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the data array, but are not automatically saved to disk.

Generate Correlation Matrix. The next routine callea by

CANCOR generates and prints the Sample Correlation Matrix of

the designated fields by first generating smaller first and

second set self-correlation matrices and the first/second set

cross-correlation matrix. These partitions are then stored in

CORRMATRIX as shown in Figure 6. It should be noted that the

R(YY) R(YX)
CORRMATRIX = '-' --

. R(XY) 1 R(XX) '

Figure 6. Sample Correlation Matrix

main diagonal is forced to 1.0, despite the fact that

round-off errors would produce values slightly off that

ideal. Figure 7 is the output using the example data. At this

Y1 Y2 X1 X2

Y1 1.0000 0.5687 0.8445 0.6479
Y2 0.5687 1.0000 0.4728 O.8755
X1 0.8445 0.4728 1.0000 0.5758
X2 0.6479 0.8775 0.5758 1.0000

Figure 7. CORRMATRIX Output Example

point, the user is given the option of exiting CANCOR without

calculating further canonical correlation statistics.

Calculate CANCOR Stati stics. The key to calculating

further statistics is the solving of an eigenvalue problem;

in this case, the eigenvalues of a product of the partitions
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of CORRMATRIX. The procedure used to estimate the polynomial

roots (eigenvalues) is called the deflation method. The most

popular method for estimating the largest eigenvalue is

- called the power method. The deflation method uses the power

-method to determine the largest eigenvalue and eigenvector,

factors out those values from the matrix (deflate the

matrix), and then reapplies the power method to the deflated

matrix. The user has the option of setting the Eigenvalue

routine stopping criteria (Epsilon) to any value between 0.1

and 0.000001 inclusive with default at 0.0001.

To be used by CANCOR, it is necessary to generate matrix

'A' by multiplying the partitions of CORRMATRIX:

-1 -1
A = (R(YY) * R(YX) * R(XX) * R(XY)

Data multicollinearity is indicated when either of the

inverses of two self-correlation matrices is nonexistant. If

that occurs, the CANCOR procedure is exited after warning the

user. Otherwise, the canonical correlation (CANCOR), Milk's

Lambda, and CHI-Square statistics are calculated from the

eigenvalues and then printed. Figure B is the output using

the example data and the most accurate Epsilon setting. At

this point, the user is given the option of exiting CANCOR

without proceeding with canonical variate calr,'ations.

Canonical Variate Coefficients. The next routine called

by CANCOR calculates the Canonical Variate Coefficients

(ALPHA & BETA vectors) for both sets of variables (X & Y)
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Canonical Wilk's CHI-
Number Eigenvalue Correlation Lambda Square

1 0.8323 0.9123 0.0842 21.0366
2 0.4980 0.7057 0.5020 5.8580

Figure 8. CANCORSTATS Output Example

and prints them. It should be noted that the ALPHA's are the

normalized eigenvectors. Calculations are as follows:

ALPHA = 1/SQRT(C) * ALPHA

where T
C = ALPHA * R(YY) * ALPHA

and
-1

BETA = (1/CANCOR) ' (R(XX) * R(XY)) * ALPHA

where
CANCOR = i'th Canonical Correlation

Figure 9 is the output using the example data.

COEFFICIENTS FOR CANONICAL VARIABLES OF THE FIRST SET

CANVAR 1 CANVAR 2

X1 0.5337 1.0923
Y2 0.5949 -1.0602

COEFFICIENTS FOR CANONICAL VARIABLES OF THE SECOND SET

CANVAR 1 CANVAR 2

X1 0.3821 1.1619
X2 0.7299 -0.9914

Figure 9. Canonical Variate Coefficients Output Example

Canonical Variate Scores. Once the ALPHA and BETA
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coefficients have been calculated, CANCOR calls a routine to

calculate the Canonical Variate scores. The scores are then

printed and/or saved as desired by the user. The scores are

stored in a data array the same size as the orignal data. If

the user chooses to save the scores, a properly formatted

data disk must be in the non-boot drive prior to calling the

SAVEFILE routine. If printed, the scores are printed one page

at a time in the same manner as in the ECHOFILE routine.

Figure 10 is the output using the example data.

CANVAR 1 CANVAR 2
First Second First Second

1 -1.761 -1.576 -0.971 -0.876
2 -1.582 -1.630 0.353 0.579
3 -0.367 0.005 -0.990 -0.929
4 -0.902 -0.946 0.786 1.041
5 0.027 0.109 0.774 1.006
6 0.563 1.060 -1.003 -0.964
7 0.957 0.533 0.761 -0.946
8 1.242 0.636 -0.570 0.999
9 0.098 -0.679 -0.996 -1.390
10 0.206 0.266 2.098 1.485
11 0.277 0.848 0.328 0.012
12 1.242 1.375 -0.570 -0.006

Figure 10. Canonical Variate Scores Output Example

Canonical Loadings. The last routine called by CANCOR

calculates and prints the Structure Correlations (canonical

loadings) and the Indexes of Redundancy (overlapping

information) in the two sets of variables. These values are

based on the Canonical Variate Coefficients (ALPHA & BETA),

the Eigenvalues, and the Sample Correlation Matrix. Figures

11 and 12 are the outputs using the example data. Once the

A -21
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STRUCTURE CORRELATIONS

Y1 Y2

YCV1 0.6721 0.4894
YCV2 0.8985 -0.4390

X1 X2

XCV1 0.6024 0.5968
XCV2 0.9499 -0.3124

Figure 11. Canonical Loadings Output Example

INDEXES OF REDUNDANCY

VY1 = 0.6524
VY2 = 0.1076

0.7601 of total variance

VX1 = 0.6435

VX2 = 0.1130

0.7565 of total variance

Figure 12. Indexes of Redundancy Output Example

Indexes are printed, CANCOR is exited and control is returned

to the Top Level menu.
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III. Factor Analysis

"--i'

The Factor Analysis Module (FACTOR) starts by having the

user designate a set of manifestation variables. The routines

. in FACTOR then aid the user in looking for an underlying

pattern of relationships between members of the designated

set of variables so that a possible reduction to a smaller

set of factors or components can be done without a

significant loss of accuracy. The module produces and outputs

the Factor Loadings, Communalities, Coefficients, and Scores

for the designated set of variables. The data in Table II is

the data used in the examples throughout this section.

a X2 X3 X4

1 2 1 2
2 4 3 1
3 6 7 5
4 7 6 3

.. 5 5 4 7
6 8 9 6
7 9 8 7
B, 9 7 10 9
9 10 11 11
10 8 9 8
11 12 11 10
12 9 13 14

Table II. Example FACTOR Data

Assion Variables. When first activated by the user,

FACTOR calls ASSIGNVARS for variable selection. The user is

P
then shown the current status for each of the fields and

2 39"A -23
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asked whether to assign a manifestation, remove assignment,

or exit ASSIGNVARS. Once entered, this routine will not allow

the user to exit until at least two variables are assigned.

This means that there should be at least two variables in the

data base before calling FACTOR. The user has the option of

making as many changes as needed to correctly assign the

variables.

Calculate Statistics. The next routine called by FACTOR

calculates and prints the means and standard deviations for

each of the selected variables. If a printer is on-line, the

results are printed there as well as on the screen. Figure 13

is the output using the example data. At this point, the user

VARIABLE MEAN STANDARD DEVIATION

X1 6.50000 3.60555
X2 7.25000 2.73446

X3 7.66667 3.60135
X4 6. 91667 3. 62476

Figure 13. Statistics Output Example

is given the option of exiting FACTOR without proceeding to

data standardization.

Standardize. In preparation for calculating the Sample

Correlation Matrix, the selected variables are standardized

by subtracting the field mean and dividing by the field

standard deviation. It should be noted that if there is only

one record, the standard deviations are zero, the data values
0 r

become undefined, and are represented as 99.9999. The

A - 24
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standardized values are written over the original values in

the data array, but are not automatically saved to disk.

Generate Correlation Matrix. The next procedure called by

FACTOR generates and prints the Sample Correlation Matrix.

The matrix is generated using the same partition method as

*... the Correlation Matrix generated in CANCOR; in this case, the

manifestation variables are divided into two equal or nearly

equal sets and the routine proceeds as before. Figure 14 is

the output using the example data. At this point, the user is

X1 X2 X3 X4

X1 1.0000 0.8529 0.9102 0.9262
X2 0.8529 1.0000 0.8862 0.7497
X3 0.9102 O.8862 1.0000 0.8888
X4 0.9262 0.7497 0.8888 1.0000

Figure 14. CORRMATRIX Output Example

given the option of exiting FACTOR without calculating any

factors.

.: Factor Generation and Selection. The most significant

factor (or principal component) is associated with the

largest eigenvalue and eigenvector of the matrix just

generated. Once the largest is extracted, the next largest

eigenvalue and eigenvector are associated with the next most

significant factor, and so on. The method used to solve for

the eigenvalues and eigenvectors is the same as used by

CANCOR. The next routine called by FACTOR calculates and

prints the percents of variance explained by each factor and

A -25
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then has the user select the number of factors to maintain

for further analysis. Figure 15 is the output using the

-example data and the most accurate Epsilon setting. The

FACTOR EIGENVALUE PCT OF VAR CUM PCT

1 3.6090 90.2 90.2
2 0.2606 6.5 96.7
3 0.0837 2.1 98.8
4 0.0467 1.2 100.0

Figure 15. Factor Calculation Output Example

user then has the option of factor selection based on

default, a Scree test, a Bartlett Sphericity test, or user

selection.
0 .

A- Default. If selected by the user, the number of

factors maintained is the number of eigenvalues greater than

1.0.

Scree Test. If selected by the user, SCREE generates

a plot of Eigenvalue Magnitudes vs. Factor Numbers. The user

is asked to visualize a line passing through the right most

points and extending to the left. The most significant

"; factors are those that do NOT fall on the line PLUS the first

one that does. That is the number of factors that should be

kept. The nearly flat aspect of the remaining factors

indicates little improvement if more are kept.

Bartlett Sphericity Test. If selected by the user,

BARTLETT calculates the CHI-Square statistic for the Bartlett

test of significance for as many factors as the user desires.

A - 26
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"- ,-"The user is then asked to select the number of significant

* .'-factors that should be kept. The test statistic is used to

check the hypothesis

Ho: EIGVAL(r+1)=EIGVAL(r+2)= ... =EIGVAL(k)=O

VS.

Ha: EIGVAL(r+1) <> 0; after 'r' tests.

The user should reference a CHI-Square table for

CHI ( a , (k-r) (k-r-1) )

where

a = significance level
k = number of factors
r = number of tests done

and reject the null hypothesis if the test statistic is

larger.

to The routine will calculate one test statistic, then ask

the user if more should be calculated. It is up to the user

to decide when to stop. It will stop automatically after

making as many calculations as there are eigenvalues. The

--- routine will then call USERSELECT, as described below, to get

the number of factors to be kept. This test is good for small

samples (n < 100) or for a large number of manifestation

variables (k > 9).

User Select. If selected by the user or BARTLETT,

USERSELECT asks the user to enter the number of factors to be

kept for further analysis. That number must be between 1 and

• .N (number of wigenvalues) inclusive.

Factor Matrix. The next routine called by FACTOR

43-A -27
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calculates and prints the factor matrix of Loadings for each

factor (N factors), the Communalities based on the number of

factors selected (NS selected), and the Factor Score

Coefficients for each of the designated manifestation

variables under analysis. Figures 16, 17, and 18 are the

outputs using the example data and assume 1 factor was

retained for analysis.

FACTOR MATRIX USING PRINCIPAL FACTOR(S)

FACTOR 1

Xl 0.9717
X2 0.9171
X3 0.9704
X4 0.9391

Figure 16. Factor Matrix Output Example

VARIABLE COMMUNALITY

X1 0.9443
X2 0.8412
X3 0.9417
X4 0.8819

Figure 17. Variable Communality Output Example

FACTOR SCORE COEFFICIENTS

FACTOR I

Xl 0.2692
X2 0.2541
X3 0.2689
X4 0.2602

Figure 18. Factor Score Coefficients Output Example
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Factor Scores. Once the Factor Score Coefficients have

been calculated, FACTOR calls a routine to calculate the

Factor Scores. The scores are then printed and/or saved as

desired by the user. The scores are stored in a data array

the same size as the original data. If the user chooses to

save the scores, a properly formatted data disk must be in

the non-boot drive prior to calling the SAVEFILE routine. If

printed, the scores are printed one page at a time in the

same manner as in the ECHOFILE routine. Figure 19 is the

- - output using the example data. Once the appropriate option is

FACTOR SCORES:

CASE FACT I

1 -1.7309
2 -1.3890
3 -0.5577
4 -0.6006
5 -0.5892
6 0.0696
7 0.2305
8 0.4047
9 0. 9689
10 0.5043
11 1.2361
12 1.4535

Figure 19. Factor Scores Output Example

completed, FACTOR is exited and control is returned to the

Top Level menu.
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IV. Formatting Blank Disks

Before using a blank disk to save data files, it is

necessary to format it in a form that can be used by the

* Apple PASCAL operating system. Once formatted, the disk

-. should be marked so that it is not formatted again.

.* Formatting is done by inserting the disk with side 2 up;

either after booting or running the package. Figure 20

outlines the way to format a disk. If the user has inserted

>COMMAND: E(DIT, R(UN, F(ILE, C(OMP, L(INK, X(ECUTE...
X

>EXECUTE WHAT FILE?
APPLE:FORMATTER (return)

>APPLE DISK FORMATTER PROGRAM
>FORMAT WHICH DISK (4, 5, 9..12) ?
5 (return) (Non-boot drive)

>NOW FORMATTING DISKETTE IN DRIVE 5 (If selected)
or

>DESTROY DIRECTORY OF BLANK ? (Disk already formatted)

Figure 20. Blank Disk Formatting

a new disk or answered 'P to the second response above, the

non-boot drive will make some whirring sounds for a few

moments, then the 'FORMAT WHICH DISK' statement will appear

again. Press the (return) key to return to the Command level

again if no more disks are to be formatted. NOTE: If the

system was booted with side 1 up, the disk should be turned

over prior to pressing the (return).
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V. Special Features

There are several special routines available on side 2 in

SYSTEM.FILER. While there are 17 different commands available

in the FILER as written by Apple, only 5 are discussed here.

Caution should be observed by the unsophisticated user

because the other commands could contaminate any disks

on-line. To exit any routines entered by accident, press the

(return) key to return to the command line.

To execute any of the commands in the FILER, insert the

disk with side 2 up; either after booting or running the

package. Be sure that a preformatted data disk is on-line in

the non-boot drive. Figure 21 shows how to execute the FILER.

>COMMAND: E(DIT, R(UN, F(ILE, C(OMP, L(INK, X(ECUTE,.
F

>Filer: 6, S, N, L, R, C, T, D, 0 (1.1)
<command> (Where <command> = L, R, C, K, or 0)

Figure 21. SYSTEM.FILER Execution

Once selected, each of these commands carries out a different

procedure.

L(IST DIRECTORY. If selected, L(ist works as follows:

>Dir listing of ? BLANK: (return)

If BLANK: is on-line, the FILER will list the names of all

data files on the disk, the size of the file in disk
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segments, and a date. If BLANK: is not found, a message is

displayed and the FILER command line will then return.

R(EMOVE. If selected, R(emove works as follows:

>Remove ? BLANK:<filename>.TEXT (return)
>BLANK:<filename>.TEXT -- > removed

- - >Update directory? (Y/N)

If the file is found, FILER repeats the filename to verify

that it is the correct one to remove. If the user responds

with a 'Y', the FILER will remove the designated filename

from the directory and that file is considered erased. (The

sophisticated user can recover the file with the M(AKE

command.) If the file is not found, a message is displayed

and the FILER command line will then return.

C(HANGE. If selected, C(hange works as follows:

>Change 7 BLANK:<filename>.TEXT (return)
>Change to what ? BLANK:<newfilename>.TEXT (return)

If the file is found, the FILER will change the name of the

designated <filename> to <newfilename>. If the file is not

found, a message is displayed and the FILER command line will

then return. NOTE: The <newfilename> must be 10 or less

characters long and start with a letter.

K(RUNCH. If selected, K(runch works as follows:

>Crunch ? BLANK: (return)
>From end of disk, block 280 ? (Y/N)

If BLANK: is on-line and 'Y' was selected, K(runch will move

the files forward and all the available space will be at the
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.* - end of the disk. Typing an 'N' will cause the prompt

I>Starting at block #

requiring the user to input a number from 1 to 280. This

option should NOT be used. After BLANK: is krunched, the

FILER command line will then return.

Q(UIT. When selected, Q(uit will return control to the

top level command line shown above. NOTE: If the system was

booted with side 1 up, the disk should be turned over prior

to quitting; otherwise side 2 should remain up.

o.
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VI. Package Construction

The PASCAL Statistical Procedures Package (PSPP) was

written on the Apple Ile microcomputer using the Apple PASCAL

language and operating system. It should be executable on the

Apple II or Apple II+ (with language card installed), and

Apple III computers (if the source is recompiled).

The package is composed of a host program stored in file

PSPP.CODE, 4 regular units stored in the file MYLIB.CODE, and

16 intrinsic units stored in the file SYSTEM.LIBRARY. It

should be noted that several intrinsic units normally stored

in the SYSTEM.LIBRARY were removed because they are not used

by PSPP. The Apple PASCAL operating system files

SYSTEM. APPLE, SYSTEM.PASCAL, and SYSTEM.MISCINFO are on both

sides of the program disk. Operating system files

SYSTEM. FILER, FORMATTER. CODE, and FORMATTER.DATA are

additionally stored on side 2.

There are a total of 163 new procedures, in addition to

those intrinsic procedures by Apple in the SYSTEM.LIBRARY.

The text files for these procedures take over 218,000 bytes

of storage space. Compiled, they take up almost 100,000 bytes

of storage space. By using the PASCAL unit structures, the

most core used by the program at any one time is about 21,000

bytes. There are more than 17,000 bytes used for data

*. storage. The maximum user available space in the Apple Ile is

39,900 bytes of core when the SWAPPING option is set. The
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Apple PASCAL operating system files necessary to execute the

program take up 84 blocks of diskette space. The compiled

versions of the host program and the two libraries take up

215 blocks. There are 274 blocks available for use.

". .The package was put together by first compiling the

intrinsic units that did not use any others and storing them

in the SYSTEM.LIBRARY. Next, intrinsic units that referenced

others were compiled and stored. Regular units that did not

use any others were then compiled and stored in MYLIB.CODE.

Regular units that referenced others could then be compiled

and stored. Lastly, after all units (intrinsic and regular)

were compiled and stored in their appropriate libraries, the
N-

host program, PSPP, was compiled and linked with the regular

units. Because the compiled versions more than filled the

availab'- space on a single diskette, both sides were used

with the Apple PASCAL operating system files necessary for

special non-program features stored only on side 2.

., The package structure is outlined in Figure 22. The boxes

stand for procedures called by the normal program flow while

the ovals are options the user has a choice of in the box

just above them in the tree. On the DATA side of the tree,

once a procedure is completed, control 'backs up' to a higher

level menu until the user is done. On the statistical side,

control proceeds toward the end of the procedure with several

opportunities to exit to the top level (PSPP) menu.
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Appendix B

Validation Runs
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SPSS Output o+ Example CANCOR Data

VARIABLE MEAN STANDARD DEV

-" Yi 6.0000 2.4863
Y2 5.7500 2.3789
X1 6.3333 2.4246
X2 6.4167 1.9752

CORRELATION COEFFICIENTS

Y1 Y2 X1 X2

Y 1.00000 .56869 .84449 .64789
Y2 .56869 1.00000 .47284 .87546
Xl .84449 .47284 1.00000 .57579
X2 .64789 .87546 .57579 1.00000

CANONICAL WILK S
*. NUMBER EIGENVALUE CORRELATION LAMBDA CHI-SQUARE

1 .83232 .91232 .08418 22.27354
- 2 .49799 .70568 .50201 6.20223

COEFFICIENTS FOR CANONICAL VARIABLES OF THE FIRST SET

CANVAR 1 CANVAR 2

Yi .53370 -1.09232
Y2 .59498 1.06019

COEFFICIENTS FOR CANONICAL VARIABLES OF THE SECOND SET

CANVAR 1 CANVAR 2

Xl .38209 -1.16189
X2 .72995 .98140
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CASE CANVAR 1 CANVAR 2
FIRST SECOND FIRST SECOND

1 -1.76107 -1.57596 .97107 .87582
2 -1.58187 -1.63034 -. 35326 -.57944
3 -. 3667e .00546 .99008 .92877
4 -. 90245 -. 94561 -. 78625 -1.04100
5 .02707 .10866 -. 77358 -1.00570
6 .56274 1.05974 1.00275 .96407
7 .95660 .53260 -. 76091 .94642
8 1.24216 .63580 .56976 -. 804
9 .09798 -. 67927 .99642 1.39032
10 .20627 .26625 -2.09791 -1.48490
11 .27718 .84777 -. 32791 -.01199
12 1.24216 1.37491 .56976 .00566

4':

STRUCTURE CORRELATIONS

. 'iY 1 Y 2

YCANVAR1 .8721 -. 4894
YCANVAR2 •8985 .4390

Xl X2

XCANVAR1 .8024 -. 5968
XCANVAR2 .9500 .3124
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SPSS Output of Example FACTOR Data

VARIABLE MEAN STANDARD DEV

X1 6.5000 3.6056
X2 7.2500 2.7345
X3 7.6667 3.6013
X4 6.9167 3.6248

CORRELATION COEFFICIENTS

Xl X2 X3 X4

X1 1.00000 .85292 .91015 .92621
X2 .85292 1.00000 .88622 .74971
X3 .91015 .88622 1.00000 .68879
X4 .92621 .74971 .88879 1.00000

FACTOR EIGENVALUE PCT OF VAR CUM PCT

1 3.60903 90.2 90.2
2 .26059 6.5 96.7
3 .08369 2.1 96.8
4 .04669 1.2 100.0

FACTOR MATRIX USING PRINCIPAL FACTOR

FACTOR 1

X1 .97173
X2 .91714
X3 .97043
X4 .93909

VARIABLE COMMUNALITY

Xl .94426
X2 .84115
X3 .94173
X4 .88189
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FACTOR SCORE COEFFICIENTS

FACTOR I

X1 .26925
" X2 .25412

X3 .26889
"" X4 .26021

S-a1.5
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CANCOR Validation Data

IECMOCCK OF CIMENIT DATAFILE:

2" 2 Tot 1/0 LIe NWvar TurnAr Ceres kpart

1 307.56 10.0000 42.0000 0.06240 43.0000 1.13780
2 1124.72 5.00000 145.000 0.07230 6.0w00 1.22710
3 176.6e 5.OOOOC 210.000 0.07130 20.0000 5.25340
4 121.637 21.0000 316.000 0.11410 5.00000 5.32530
5 1095.27 11.0000 40.0000 0.15440 18.0000 1.47030
6 1024.31 21.0000 659.000 0.19220 9.00000 1.52730
7 2373.46 9.00000 297.000 0.32410 7.00000 1.62240
" 73.4609 0.00000 251.000 0.06430 4.00000 0.63090
9 13.934 23.0000 59.0000 0.01590 0.00000 1.63690
20 64.11A 9 21.0000 17.0000 0.03230 1.00000 0.74040
11 4706.77 6.00000 113.000 0.38740 25.0000 8.77760

12 302.434 12.0000 337.000 0.12440 2.00000 3.10590
13 552.740 6.00000 120.000 0.11120 1.00000 1.15430
14 540.733 10,0000 165.000 0.06 80 26.0000 1,36470
-5 697.457 17.0000 10.000 0.05270 1.00000 1.39840
16 1526.31 9.00000 N.0000 0.23560 24.0000 1.90240
17 3669.65 25.0000 39.0000 0.23690 2.00000 5.95300
to 560.525 10.0000 236.000 0.06200 10.0000 9.20240
19 1456.57 3.00000 73.0000 0.06230 1.00000 9.23920
20 1737.07 6.00000 295.000 0.1 3950 2.00000 9.24470
21 206.30 12.0000 179.000 0.09410 2.00000 9.35100
22 73.0646 13.0000 334.000 0.096o 14.0000 9.41360
23 1027.91 16.0000 210.000 0.15030 2.00000 9.49070
24 3314.01 1.00000 194.000 0.22230 10.0000 9.52730
25 414.305 0.00000 465.000 0.20540 9.00000 9.71140
26 656.447 6.00000 213.000 0.33220 .0000 9.73990
27 407.300 36.0000 179.000 0.19900 2.00000 9.74330
21 769.939 30.0000 225.000 0.33410 2.00000 9.77580
29 r77.594 21.0000 116.000 0.15390 3.00000 9.11480
30 1351.18 16.0000 249.000 0. 7790 4.00000 9. 90780
31 313.948 10.0000 259.000 0.19580 29.0000 9.9356o
32 1100.51 2.00000 192.000 0.23920 9.00000 9.^10
33 415.731 1.00000 205,000 0.19770 3.00000 10.0072
34 1110.95 7.00000 144,000 0.35360 1.00000 10.0263
35 517.175 2.00000 134.000 0.16340 11.0000 10.0958
36 421.761 27.0000 131.000 0.14170 10000 10.1019
37 1150.05 17.0000 127.000 0.2950 21.0000 10.1448
31 .3.216 1.0000 63.0000 0.12970 15.0000 20.1601
39 730.355 9.00oo 155.000 0.12390 3.00000 10.2241
40 25*.05 6.00000 111.000 0.35520 27,0000 20.2414
41 160.259 30000 5,0000 0.04000 35.0000 10.2512
42 233.55 0.00000 257,000 0.24120 29.0000 10.2133
43 1125. s0 24.0000 70.000 0.11050 41.0000 10.2990
44- 141.909 4.0000 191.000 0.01900 12.0000 10.3161
45 2220.95 6.00000 f6.0000 0.21220 10.0000 10.3362
46 30.9 5.0000 49.1000 0.10410 37.0000 10.3743
47 U1.316 32.0000 261,000 0.04730 3.00000 10.4723
41 M03.65 16.0000 106,000 0.0910 9.00000 10.0432
49 93.343 I4.000 131.000 6.07010 1.0000 10.5797
s0 232.10 2.60000 219.000 6.20320 .0 16.5637
52 10.262.2 1.00000 0.09510 2.00000 10.7314
52 144.712 7.01000 3.0000 6.02040 6.0000 16.201
3 129.012 11.0000 21.000 0.01400 2.60000 10.17

54 27.130 3. I00M 267.000 0.01650 2.00000 100I 6
"5 913.319 6.SA00 196.0 0.13490 6.4000 11.0311
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.56 97,99 3.00000 67.0000 0.03860 1.00000 11,091?
57 621.068 53,0000 116.000 0.04860 2.00000 11.1070
58 1~7.440 17.0000 506.000 0.14980 6.00000 11.2590
59 726.57B 6.00000 141.000 0.03370 17.0000 11.2923
60 706.572 13.0000 185.000 0.09640 5.00000 11.3875
61 1091,20 1.00000 375.000 0.16270 7.00000 11.4754
62 86.3832 1.00000 229.000 0.11390 1.00000 11.536163 352.511 8.0000C 254.000 0.11440 0.00000 11.5961
64 2500.94 300000 110.000 0.31540 0.00000 11.6101
65 60.2336 6.00000 37.0000 0.07900 2.00000 11.6272
66 1068.36 14.0000 216.000 0.24110 24.0000 11.660
67 401.698 2.00000 85.0000 0.0889 2.00000 11,6909
68 2253.70 17.0000 193.000 0.38980 13.0000 11,7970
69 1315.64 4.00000 554.000 0.29940 16,0000 11.8338
70 24,1495 5.00000 166.000 0.14050 1.00000 11.856,71 1441.29 8.00000 149.000 0,21700 9.00000 11.9758
72 331.660 15.0000 39.0000 0.03300 21.0000 11.8957
73 489.303 5.000C0 36.0000 0.14940 3.00000 11.097q
74 2437.51 9.00000 160.000 0.3119B 13.0000 11,9229
75 2004.17 7.00000 317.000 0.540M 3100000 11.9672
76 785.460 0.00000 425.000 0.12460 2.00000 12.0679
77 975.113 3.00000 69.0000 0.09610 2.00000 12.09:'
78 2214.27 1.00000 133.000 0.1366 1.00000 12.1065
79 807,103 24.0000 326.000 0.16290 1.00000 12.163e0 3640.95 17.0000 74,0000 0.13730 17.0000 12.952
11 1932.12 3.00000 101.000 0.079% 16.0000 32,2046
82 1157.39 15.0000 257.000 0.09400 7.00000 12.319583 56S.000 9.00000 95.0000 0.06440 15.0000 12.3717
84 1991.76 5.00000 265.000 0.15520 4.00000 12.5239
.5 2029.79 2.00000 448.000 0.23870 19.0000 12,5722
36 3625.62 6.00000 306.000 0.31530 1.00000 12.590887 70.934 0.00000 271,000 0.19400 1.00000 12.6297
8 303.73 1.00000 6.0000 0.22600 25.0000 12.67219 1497.49 6.00000 139.000 0.17920 0.00000 12.6905
90 4096,66 20.0000 I86.000 0.35350 3.00000 12.7302
9 91 234.093 7.00000 150,000 0.04440 2.00000 12.774792 1175.53 5.00000 236.000 0.13250 0.00000 12.8360
93 2613.84 15,0000 309.000 0.30950 7.00000 12.851294 31.0172 12.0000 270.000 0.15770 11.0000 12.9304

95 332.294 7.00000 214.000 0.29920 3.00000 13.012296 518.027 8.00000 455.000 0.24120 11.0000 13.0630
97 1054.52 23,0000 110.000 0.27800 9.00000 13.0969

%5.097 5.00000 121.000 0.26050 10.0000 13.1320
99 1336.21 2.00000 99.0000 0.12720 17.0000 13,208400 1579.61 23.0000 249.000 0.21020 25.0000 13.2470
303 159.325 5.00000 340.000 0.35920 0.00000 13.3175
102 301.515 1.00000 193.000 0.24350 5.00000 13.4075
-03 97q.642 15.0000 265.000 0.36870 11.0000 13.4154304 2840.71 3.00000 109.000 0.33180 3.00000 13.443
105 3329.76 0.00000 349.000 0.50170 35.0000 13.4053
106 1198.12 13.0000 104.000 0.27900 1.00000 13.4918
107 305.166 10.0000 155.000 0.05070 0.00000 13.5436
108 546.161 3.00000 266.000 0.31100 3.00000 13.5614
309 238. 36 2.00000 320.000 0.47360 1.00000 13.5750
130 1526.71 25.0000 99.0000 0.11320 5.00000 13.6179
I1 4117.59 6.00000 91.0000 0.38960 13.0000 13.6457
112 2954.08 2.00000 230.000 0.43960 2,00000 13.7259113 936.728 10.0000 364.000 0.22530 7.00000 13.1910
334 630,U4 3.0000 613.000 0.21190 13.0000 13.9461
115 1635.61 17.0000 3.00 0.29440 3.00000 13.945

5,

...4 ,. . . . ,,. ..- .



-- 7 7-..'.-77 7

116 1358.49 5,000C2 265.000 0.38900 4.00000 13,9767
117 942.42 4.0000, 172.000 0.20300 32,0000 14.00Q0
lie 793.553 6.00000 227.000 0.1914C 5.0000 14.0'11
119 1556.46 26.0000 25.0000 0.22690 9.00000 14.08it
120 166.166 28,0000 16.0000 0.20830 6.00000 14.1121
121 1957.00 22.0000 91,0000 0.36760 14.0000, 4.11K2
122 21.0423 1,0000C 99.0000 0.04930 1.0000C 14.1471
123 1039.40 21.000c 243,000 0.27790 29.0000 14,1672
124 986.860 45.0000 257.000 0.14240 2.00000 14.2621
125 2093.50 7,00000 209.000 0.20760 6.00000 14.2643
126 2525.62 9.00000 56.0000 0.2727C 7.00000 14.2747
127 2678.46 7,00000 70.0000 0,17010 10.0000 14,2971
128 500.107 12.0000 174.000 0.14260 33.0000 14.2932
]29 117.48 6.00000 57,0000 0,04850 22.0000 14.4148
130 850.081 8.00000 158,000 0,06910 6.00000 14.4226
131 633,80 16.0000 122,000 0.05870 3.00000 14,5275
132 252,776 11,0000 203,000 0.072:0 12.0000 14.5964
133 1742.68 14,0000 74.0000 0.13490 4.00000 14.6;51
134 492.352 0.00000 34.0000 0.04150 23.0000 14.6682
135 1229.26 10.0000 183.000 0,16120 26.0000 14.6'50
136 756,061 0.00000 159,000 00050 4.00000 14.70C
137 94B.293 7.00000 172.00 0,10780 16.0000 14,721
13B 2194.86 9.00000 239.000 0.23100 22.0000 14.743C

139 21.9734 5.00000 32.0000 0.00760 12.0000 14.8541
140 2979,86 2.00000 157.000 0,0.999 22.0000 14.6911
141 169.686 22.0000 147.000 0.01200 15.0000 14,934;
142 810.245 24,0000 21,0000 0.03280 2.00000 15.0619
143 18801.51 .00000 288.000 0.12370 19.0000 15,1005
1 244 064.776 9.00000 63.0000 0.03260 4.00000 15.1826
145 375.984 0.00000 103.000 0.05190 2.00000 15.2529
246 732.635 17.0000 102.000 0.07070 8.00000 15.2609
247 1632.64 18.0000 237.000 0.13790 9.00000 15.2q9
14B 1584.56 6.00000 538,000 0.15660 1.00000 15.4589
149 2300.12 31,0000 118,000 0.12120 3.00000 15.5086

ISO 2176.96 5.00000 200.000 0.09160 45.0000 15.534B
151 7283.18 3.00000 56.0000 0.31900 12.0000 15.5486
152 814,411 3.00000 39.0000 0.02480 4.00000 15.6460
153 93.9386 2.00000 389.000 0.13420 13.0000 15.7924

154 492.445 0,00000 71.0000 0.29800 10.0000 15.9632
155 374.711 2.00000 30.000 0.24340 12.0000 15.9933
156 716.375 3.00000 554,000 0.40230 27.0000 16.0481
157 119.654 28.0000 125,000 0,25040 16,0000 16.085'
158 769.155 1.00000 290.000 0.39260 57.0000 16,1398
159 627.935 13.0000 67.0000 0,16080 7.00000 16.1454
160 1204.00 2.00000 38.0000 0.35520 8.00000 16.1554
161 743.828 10.0000 270.000 0.38660 30.0000 16.1835
162 4369,69 6.00000 58.0000 0.55960 19.0000 26.2295
163 2717.28 26.0000 403.000 0.34050 9.00000 16.3157
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" " CA DNICA#L CORRELLT I DN

FILE bigcancor:

VARIABLE MEAN STANDAR: DEVIATION

Tot 11/0 I2B7.Oq 1104.71
Lines 10.6319 9.7708(
TurnAr 0.180:i 0.11640
-fdsar IU.626 125,494
Cards 10.2577 10.6990

Depart 12.2921 2.28627

CORRELATION COEFFICIENTS:

Tot 1/0 Lines ,urnAr rduar Cards Depart

Tot 1/0 1.0000 -0.0577 0,478; -0.1257 0,166 0.0717

- O Lines -0,0577 1,000C -0.10t2 -0,0751 -0.0951 -0.0983
TurnAr 0.4789 -0.1062 1.0000 0.2505 0.1543 0.2181

-rdar -0.1257 -0.0751 0.2505 1.00C -0.0114 0.0022
" Cards 0,1686 -OOq5 0,1543 -0.0114 1.0000 0.1240

Depart 0.0717 -0.0983 0.:I8 0.0022 0,1240 3.0000

CANONICAL MILK'S CHI-
OISBER EIGENVALUE CORRELATION LAMBDA SQUARE

1 0.1835 0.428e3 0,7766 40.075;

2 0.0489 0,2211 0.9511 7.9484
3 0.0000 0,0023 1.0000 0.0008

COEFFICIENTS FOR CANONICAL VARIABLES OF THE FIRST SET

CANVAR I CAJ&AP 2 CANVAF 3

Tot 1/0 0.6536 0.9152 0.1816
Lines 0.2116 -0.3253 0.9279

TurnAr -1,0833 0,0230 0.3662

COEFFICIENTS FOR CANONICAL VARIABLES OF THE SECOND SET

CANVAA I CANVAR 2 CANVAR 3

rdrmar -0.630 -0.3754 -0.339
Cards -0,1311 0,8041 -0,5935

Depart -0.4727 0.S651 0.9118

T+.-T-E CORRELATIONS:

Tot I/O Lines TurnAr

YCIv 0.1226 0.9450 0.3034
YCv2 0.2889 -0.306 0.8785
YCC 4.7927 0.4950 0.3546
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Hrdwar Cards Depart

ICVI -0,625 -0.363B -0.3296
ICV2 -0.1796 0.6537 -0.488

XCV3 -0.4909 0.4640 0.7375

INDEXES OF REDUNDAN:Y:

VYI S 0.0445
V2 - 0.0209
3VY 0.0000

0,0654 of total variance

V11 - 0.0622
V02 - 0.0176

013 - 0.000 t

0.000 of total variance
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SPSS Output of CANCOR Validation Data

VARIABLE MEAN STANDARD DEV

Tot I/O 1287.0926 1104.7059
Lines 10.6319 9.7708

TurnAr .1802 .1184
Hrdwar 188.6258 125.4944
Cards 10.2577 10.6890

Depart 12.2921 2.2863

CORRELATION COEFF IC IENTS

Tot I/O Lines TurnAr Hrdwar Cards Depart

TotI/O 1.00000 -.05771 .47688 -.12574 .16862 .07170
Linus -.05771 1.00000 -.10617 -.07507 -.09507 -.09832

-~ TurnAr .47888 -.10617 1.00000 .25053 .15427 .21815
Hrdwar -.12574 -.07507 .25053 1.00000 -.01145 .00216
Cards .16862 -.09507 .15427 -.01145 1.00000 .12400

"SDepart .07170 -.09832 .21815 .00216 .12400 1.00000

CANONICAL WILK S
*NUMBER EI6ENVALUE CORRELATION LAMBDA CHI-SQUARE

*-1 .18347 .42834 .77659 40.20171
2 .04891 .22115 .95109 7.97344

* *3 .00001 .00227 .99999 .000832

-° '''

°..4

.
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COEFFICIEN S Outu CANONORBE ValidTion FIRTaSE

CANVAR 1 CANVAR 2 CANDVAR 3

Tot 1/O -. 65356 .91517 .18156
Lines -.21157 -. 32532 .927e3

TurnAr 1.08327 .02300 .36616

COEFFICIENTS FOR CANONICAL VARIABLES OF THE SECOND SET

5CAN VAR 1 CAN VAR 2 CAN VAR 3

SHrdwar 6301 -. 37543 -. 33825
Cards .13108 .90413 -. 59326
Depart .47275 .36511 .81168
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FACTOR Validation Data

ECNOCHECD OF CURRENT DATAFLE:

INDEX Disk 1/0 krive CPU Used Cards I/0 Tie Lines

1 2986.00 9.07540 12.000C 43.0000 190.564 10.0000
-' 2 1057,00 15480 38.0000 6.00000 67.7181 8.00000

3 164.000 8 8210 182,000 20.0000 12.8682 5.00000
4 769,000 e,21420 202.000 8.0000c 52.6366 21.0000

5 1011.00 6.31590 11.0000 18.0000 84.2657 11.0000

6 997,000 8.33510 552.000 9.00000 27,8084 21.0000
7 2192.00 8.29830 185.000 7.00000 161.482 9.00000
8 72.0000 8.56650 187,000 4.00000 6.48090 0.0000
9 127.000 8.62300 4.00000 0.00000 11.9842 23.000v
10 59.0000 8.70810 17.0000 1.00000 5,88790 28.0000

11 4438.00 8.39040 5.00000 25.0000 270.773 6.00000

12 297.000 3,68150 306,000 2.00000 15.4339 12,0000
13 507.000 16.74310 61.0000 1.00000 45.7403 6,00000

14 526.000 8.77790 104.000 26,0000 22.7329 10.0000

15 490.000 8.84570 77.0000 100000 7.45690 17.0000
*.1 -6 1421.00 8.76680 54.0000 24,0000 105.310 9.00000

17 2417.00 8,81620 28.0000 2.0000v 252.654 25.0000
Is- . 28 516.000 9.14040 101.000 10.0000 44.5254, 10,0000
19 1398.00 9.1569 61.0000 1.00000 88.560 3.00000

20 1636.00 9.10520 228.000 2.00000 101.066 6.00000

21 1937.00 9.25690 144.000 2.00000 149.300 12.0000
22 68.0000 9.38700 266.000 14.0000 5.06460 18.0000

23 91.000 9.34040 77.0000 2.00000 76.9112 16.0000
24 3145.00 9.30500 87.0000 10,0000 169.014 8.00000
25 390,000 9.50600 320.000 9.00000 24.3051 0.00000

26 615.000 9.40770 269.000 1.00000 41.4471 6,00000
27 380.OO 9.54430 117.000 2.00000 27.2997 36.0000

28 713.000 9.44170 163.000 1.00000 56.8394 30.0000
29 303,000 9.73100 152.000 3.00000 74.5937 28.0000
30 1328.00 9.72990 109.000 4.00000 23.1789 16.0000
31 207.000 9.78980 194.000 29.0000 26.9482 0.0000

. 32 1009.00 9.75190 137.000 9.00000 91.5813 2.00000

33 311.000 9.60950 52.0000 3.00000 34.7807 100000
34 1775.00 9.67270 126.000 1.00000 105.954 7.00000

35 538.000 9.93240 76.0000 11.0000 49.8777 2.00000
36 32.000 V.95310 104.000 1.00000 36.7613 27.0000
37 1053.00 9,84970 93.0000 21.0000 97.0487 17.0000

30 494.000 10,0304 44.0000 15.0000 44,2162 11.0000
39 66.000 20.2002 127.000 3.00000 62.3580 9.00000
40 2439.00 9. 3 20 9.0000 27.0000 109.049 6.00000

41 149.000 10.2112 5.00000 35.0000 11.2590 13.0000

42 2124.00 10.0421 144.000 19,0000 109,550 0.00000

43 1699.00 10.1185 50.0000 41.0000 126.104 24.0000
44 111.000 10.2271 127.000 11.0000 30.9018 0.00000

45 2061.00 101240 17.0000 10.0000 159.947 6.00000

46 237.00 20.26" 35.0000 37.0000 1".9979 15.0000
47 106,000 10.4250 67.0000 3.00000 75.8159 52.0000
43 1M.OO 10.4241 39.0000 9.oo0 i0,652 16.0000
49 13.000 10,5096 113.000 1.00000 55.3429 10.0000

50 1306.00 10.43 11.000 6.00000 51.2001 2.00000
51 1529.00 10.6433 222.000 2.00000 100.823 10.0000
52 511.000 20.8047 20.000 0.00000 33.7118 7.00000

53 121.000 10.31M7 23.0000 2.00000 1.01190 3.O00O

54 213.000 10.9141 256.000 2.00000 W4.1296 3.00000

55 .5000 10.9039 143.000 0.00000 5.3191 0.00000
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56 909.000 11.0526 4.00000 1,00000 48.9866 3.00000
57 572.000 11,0582 92.0000 2.00000 49.0685 53.0000
58 757.00 11.1102 453.000 6.00000 50.4402 17.0000
59 682.000 11.2486 32.0000 17.0000 44.5776 6.00000
60 683.000 11,2915 120.000 5.00000 25.5715 13.0000
61 1019.00 11.3127 342.000 7.00000 80,1963 1,00000
62 79,0000 11.4222 177.000 1.00000 7.38320 1,00000
63 335.000 11.4821 113.000 0.00000 17.5113 8.00000
64 2363.0c 11.2947 53,0000 0.00000 337,943 3.00000

65 55.0000 11.5482 2.00000 2.00000 5.2330 6.00000
66 "5.000 11.4194 152.000 24.0000 73.3554 14.0000
67 384.000 11,6020 29.0000 2.00000 17.6978 2,00000
68 2101.00 11.3972 46.0000 13.0000 152.701 17.0000

69 1213.00 1.5344 503.000 16.0000 102.637 4,00000
70 22.0000 11,7155 62.0000 1.00000 2.14950 5.00000
71 1407.00 11,658B 97.0000 9.00000 34.2828 8.00000
72 328.000 11.8627 25.0000 21.0000 3.66030 15.0000
73 448,000 11.74B5 9.00000 3.00000 41.3030 5.00000
74 2265.00 11.6111 97.0000 13.0000 172,512 9.00000
75 1930.00 11.4263 122.000 3.00000 154.174 7.00000

76 755.000 22.9433 308.000 2,00000 30,4599 0.00000
77 909.000 11.9856 49.0000 2.00000 66.1125 3.00000

78 2058.00 11.9697 18.0000 1.00000 156.26B 1.00000
79 857.000 !2.0009 135,000 1.00000 30.1031 24,0000
80 3600.00 12.0479 44.0000 17.0000 240.949 17.0000
it 1784.00 12,1249 44,0000 16.0000 146.118 1.00000

82 1075.00 12.2255 205.000 7.0000 82.3915 15.0000
83 521.000 12.3073 85.0000 15.0000 44.0003 9.00000
84 1967.00 12.3686 152.000 4.00000 24.7622 5.00000
85 1890.00 12.3335 396.000 19.0000 138.789 2.00000
86 3383.00 12.2755 94.0000 1.00000 242,621 6.00000
17 720.000 12,4357 203.000 1.00000 60.9340 8.00000
B8 996.000 12.4461 28.0000 25.0000 67.7271 .00000
89 1460.00 12.5113 111.000 0.00000 37.4889 6.00000
90 3783.00 12.3767 49.0000 3.00000 313.665 20.0000
91 214.000 12.7303 93.0000 2.00000 20.0935 7.00000
92 1122.00 12.7035 99.0000 0.00000 53.5250 5.00000
93 2432.00 12.5417 293.000 7.00000 181.836 15.0000
94 29.0000 12,7727 165,000 11.0000 2,89720 12.0000
95 306.000 12.7230 93.0000 3.00000 26.2938 7,00000
96 476.000 12.418 435.000 11.0000 42.0271 5.00000
97 1020.00 12.8188 46.0000 9.00000 34.5162 28.0000

899.000 12.8715 56.0000 10,0000 6.0875 5.00000
99 1256.00 13.0812 53.0000 17.0000 100.207 2.00000
100 1450.00 12.98 179.000 25,0000 129.615 23.0000
I0 146.000 131583 284.000 0.00000 13,3249 5.00000
102 733.000 13.1640 142.000 5.00000 68.5154 1.00000
103 8.000 13.0467 122.000 11.0000 81.6425 15.0000
104 2705.00 13.1025 45.0000 3.00000 143.712 3.00000
205 3137.00 12.9836 220.000 35.0000 191.759 0.00000
106 1096.00 13.212 38.0000 1.00000 102,121 13,0000
107 279.000 13.4929 P9.0000 0.00000 26.1682 10.0000
208 500.000 13.2504 69.0000 3.00000 46.1610 3.00000
109 2338.00 13.1014 176.000 1.00000 50.1640 2.00000
110 1438.00 13.5047 67.0000 5.00000 1,7124 25.0000
111 3842.00 13.2561 37.0000 13.0000 275.593 6.00000
J12 2754.00 13,2863 162,000 2,00000 200,004 2.00000
113 394.000 13.6657 344.000 7.00000 42,7200 10.0000
114 59.000 13.7342 468.000 123.0000 31.6836 2.00000
115 1531.00 13.6601 5.00000 .00000 104.676 17.0000
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114 1270.00 13.5877 65,0000 4.00000 Be.4034 51 000OC
117 902.000 13.8060 54.0000 32.0000 40.4272 4,00000
lie 745.000 13.8817 175.000 5.00000 48,551, 6.0000c,
119 1445.00 13.8417 14.0000 9.00000 91.4798 24.0000
120 152.000 13.9040 71.0000 4.00000 14.1660 2B.0000
121 1823.00 13.",06 62.0000 14.0000 134.001 22,00",

*122 20.0000 24.A le 68,000c, 1.0000C 1.04,13C 1.0000C
123 947.000 13.BPIO 134.000 29.0000 72,4032 21.00,11
124 902.000 24.i197 237.000 2.00000 04.8596 45,0000
125 1914.00 14.0567 4.00000 6.00000 277,496 7.00000
124 23,00 14.0020 38.0000 7.00000 299.623 9.00000
127 2480.00 14.1170 14.0000 20.0000 298,441 7.00000
128 474.000 14.1506 42.0000 33,0000 24.2066 12.0000.
129 1020.00 14,3667 4.00000 22.0000 58.4752 6.00000
130 783.000 14.3535 139.000 6.00000 67.0806 B.00000
231 504.000 14.4688 94.0000 3.00000 49.9054 24.0000
1 - 32 231.000 14.5143 144.000 22.0000 21.7757 12.0000
J33 1453.00 14.4809 43.0000 4.00000 89.4846 14.0000
234 487.000 14.6247 2.00000 23.0000 5.35210 0,00000
235 2225.00 14.5138 225.000 24.0000 104.263 10.0000.
234 718.000 14.4242 140.000 4.00000 3B.0914 0.00000
137 189. 000 24.4193 47.0000 14.0000 59.29"2 7.00000
138 2052.00 14.5120 171.000 22.0000 J42.660 9.00000
239 20.0000 14,8465 5.00000 22.0000 1.97340 5.00000
240 2794.00 24.8073 92.0000 22,0000 183.857 2.00000
241 159.000 14.9229 12.0000 25.0000 10.6861 22.0000
142 770.000 15.0291 3.00000 2.00000 40.2450 24.0000
143 1755,00 14,9748 275,000 1.0000 126,513 8.00000
244 828.000 15.12500 30.0000 4.00000 46.7765 9.00000
245 344.000 25.2009 36.0000 2.00000 32.9842 0.00000
244 487.000 15.1902 46.0000 5.00000 45.6345 17.0000
247 1524.00 15.2412 182.000 9.00000 108.645 28.0000
148 1494.00 15.3022 419.000 1.00000 8.5610 6.00000
149 2238.00 15.3873 50.0000 3.00000 12,120 32.0000
150 2049.00 15.4432 133.000 45,0000 227.956 5.00000
252 6822.00 15.2294 38.0000 12.0000 442.179 3.00000
152 744.000 15.6212 20.0000 4.00000 50.4114 3,00000
153 9.0000 15.6582 324.000 13.0000 4.9384 2.00000
1. . 54 457.000 15.4452 4.00000 10.0000 35,4450 0,00000
1 55 355.000 15.7499 332.000 11.0000 19.7112 2,00000
1 56 458.000 15.4458 523.000 27.0000 511.3750 3.00000
257 209.000 15.9353 74.0000 14.0000 10.6542 20.0000
158 729,000 15.7572 272.000 57.0000 401)555 1.00000
259 587.000 15.9844 11.0000 7.00000 40.9350 13.0000
It 1 401222.00 15.8002 10.0000 3.00000 30028 2,00000
162 497.000 15.7949 73.0000 30.0000 46.8279 10.0000
142 4115.00 15.4499 27.0000 19.0000 254.403 4.00000
163 2529.00 15.9752 243.000 9.000o0 188.277 26,0000
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FILE bigfactor:

VARIABLE MEAN STANDARE DEVIATION

Disk 1/0 2200.10 2035.90
Arrive 12,1119 2.26339

CPU Used 123.06C 115.763
Cards 10.2577 10.09C

1/O Tume 30.9944 72.2710
Lines 10.6319 q.77060

CORRELATION COEFFICIENTS:

Disk I/O Arrive CPU Used Cards I/0 Time Lines

Disk I/O 1.000C 0.0464 -0.1341 0.1685, 0.9502, -0.008
Arrive 0.0464 1.0000 -0.0065 0.1172 010590 -0,0q38

CPU Used -0.1341 -0.0065 1.0000 0.0132 -0.14!5 -0.092.'
Cards 0.2685 0.1172 0,0132 1.0000 0.1629 -0.0951

1/0 Time 0.9502 0.0590 -0.1415 0.1629 1.0000 -0.0105
Lines -0.009 -0.0038 -0.0923 -0.0951 -0.0105 2.0000

FACTOR EI°ENVALUE PCT OF VAR CUM PCT

1 2.0515 34.2 34.2
2 1.2007 20.0 54.2

-S3 0.9769 10.3 70.5o
4 0.87712 104 .0 5.1
5 0.455 1 2.2 "9.2

- - d 0.0493 0.68 00.0

3 factorWs chosen to continue FACTOR analysis with.
This explains 70.53 of the variance.

FACTOR MATRIX USING PRINCIPAL FACTOR(S):

SFACTOR I FACTOR 2 FACTOR 3

Disk 1/ 0 0.9465 0.0820 0.158
Arrive 0.1417 -0.5351 -0.0534

CPU Used -0.2422 -0.4529 0.0441
Cards 0.3243 -0.4967 -0.16-4

1 /0 Tin 0.90 0.1105 0.1323
Lines -0.0860 0.4040 -0.2475

VARIABLE COT NUNALITY

i . Dish 1/0 0.9033
Arrive 0.7340

CPU U.d 0. 4137
4Cards 0.3100

1/0 Time 0.956 .
Lines 0.50960
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FACTOR SCOPE COEFFICIENTS:

FACTOR 1 FAC70R 2 FACTOR 3

Disk 1/0 0,4704 0.0693 0.1625
Arrive 0.0691 -0,4462 -0.669

CPU Used -0.110 -0,3772 0.6634
Cards 0.1581 -0.4154 -0.1652

1/0 Tim, 0.469e 0.0920 0.1354
Lines -0.0419 0.5530 -0,2534
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SPSS Output of FACTOR Validation Data

VARIABLE MEAN STANDARD DEV

Disk I/O 1206.0982 1035.8035
Arrive 12.1119 2.2634

CPU Used 123.0798 115.7630
Cards 10.2577 10.6890

I/O Time 80.9944 72.2711
Lines 10.6319 9. 7708

CORRELATION COEFFICIENTS

Disk I/O Arrive CPU Used Cards I/O Time Lines

Disk I/O 1.00000 .04641 -. 13413 .16847 .95021 -. 06081
Arrive .04641 1.00000 -. 00655 .11718 .05897 -. 09376

CPU Used -. 13413 -. 00655 1.00000 .01317 -. 14151 -.09227
Cards .16847 .11718 .01317 1.00000 .16294 -. 09507I/O Time .95021 .05897 -. 14151 .16294 1.00000 -. 01050Lines -. 06081 -. 09376 -.09227 -. 09507 -. 01050 1.00000

FACTOR EIGENVALUE PCT OF VAR CUM PCT

1 2.05151 34.2 34.2
2 1.20067 20.0 54.2
3 .97675 16.3 70.5
4 .87709 14.6 85.15 .84568 14.1 99.2
6 .04829 .8 100.0

, *FACTOR MATRIX USING PRINCIPAL FACTOR(S)

FACTOR 1 FACTOR 2 FACTOR 3

Disk I/0 .96501 -. 08189 -. 15874
Arrive .14199 .53534 .65344

CPU Used -. 24205 .45322 -.64814
Cards .32453 .49866 .16117

I/O Time .96373 -. 11038 -. 13229
Lines -. 08620 -. 66417 .24697
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VAR I ABLE COMMUNAL I TY

Disk I/O .96314
Arrive .73374

CPU Used .68409
Cards .37996

I/O Time .95846
Lines .50955

FACTOR SCORE COEFFICIENTS

FACTOR 1 FACTOR 2 FACTOR 3

Disk I/0 .47039 -. 06820 -. 16252

Arrive .06921 .44587 .66899

CPU Used -. 11799 .37747 -. 66357

* -'Cards .15819 .41532 .16501

I/0 Time .46977 -. 09193 -. 13544

Lines -. 04202 -. 55317 .25285

a.a. °,

a-,%

.5.

4*.
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PRDGR"' PSPF;

USES
TRANS:END, APPLEE-JrF, Mc-INUNIT, MUgA, MUGP, MUC, MiD,

MUE. MUIF, MUG, M-_H,
(Units in SYSTEMtLIBP4PY 4) MUI, MUIJ, MUF ,

(**U PSFF:MYuIB.CCDE 4) SETUP' Di4TA MOD,

CANCOPk MCD, FAc7oF-M:::;

U'Inter-al Procedure

FROZDUPE TOPMENU(PFINTER:B500S4N);

(4 This procedure displays a menu oi user opt ior~s
(4 and calls the des,.red statistical mod je. 4

VAP

OPT: CHAr; (4Statistical option to run 4

DONE: BOO-.EcAN: (4Exit PSF'F designator

BEGIN
(*$A MAIN-UNIT )(aRetain UNIT in memory

DONE: -FALSE;

WHILE NOT (DONE) DO
BEG IN

WRITELN(CH12),' 'fl6,CHR(l5),' PASCAL '

'STATISTICAL PROCEDURES PACKAGE 'q
CHR '14));

GOTOXY(0, 10);

WRITELN('Select desired module:',CHR(13));
WRITELN(' I - Data File Preparation');
WRITELN(' 2 - Canonical Correlation');
WPITELNUl 3 - Factor Analysis');
WRITELN(' 4 - Exit PSPF");
GETOPTION(OPT);
WHILE (OPT.'11' OR (OPT>'4') DO

GETOPTIONCOPT,;

CA'SE (OPT) OF (*Call appropriate mcdule 4

.1.: DATAMODULE (DATA,SPECS1 ,SPECS2,PRINTER);
'2': CANCOR(DATA,SPECSI,SPECS2,PRINTEF);

3': FACTOR(DATA,SPECSI,SPEC52,PRINTER);
'4': DONE:-TRUE;

END; (*End ci CASE *

END; (4End o4 WHILE loop 0)

END; (4End 04 TOP MENU *
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(a Main body of PSPF'4

* BEGIN
(*SN+e) C'UNIT no-load option 4

STARTUP(PRINTERW; (4Display cover

IF (PRINTER' THEN
REWRlTE(PTR,'PRINTER:'); *Turn on printer 4

TCPMENU(PRINTER); (4Select module 4

WRITE (CHR (12));
SOTOrY (28, 13);
WRITE('Done at last...

END.
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UNIT SET-UP;

INTERPACE
USES APPL.ESTUFF, MAINUNIT;

PROCEDURE STARTUP(VAR PRINTER:BODLEAN);

IMPLEMENTATION

3%, (a Main body of UNIT

PROCEDURE STARTUP;

""o• This procedure displays a cover, gives a program 4)

(4. • overview if desired, then requests the user a)
input the limits on the size of the data file. a)

VAR OPT: CHAR; (* Menu option 4)

(* Internal Procedures 4)
*44********4********4**4****444*****************4*****44*4)

PROCEDURE DRAWSCREEN;

VAR
I, (4 Iteration counter 4)

" POS (a Either X or Y position 4)

PITCH: (* Pitch of musical note 4)

INTEGER;
LINE: (* Line of text to display *)

STRING;

(a Procedures internal to DRAWSCREEN *)!?!i~i***e*****************4*****a****** ************4*************

PROCEDURE DISPLAYI;
BEGIN

FOR I:-1 TO LENGTH(LINE) DO

BEGIN

WRITE(COPY(LINE,1,1),' ');
NOTE(PITCH,10);
PITCH:-PITCH*I;

END;

END;

PROCEDURE DISPLAY2;
BEGIN

FOR 1:-1 TO LENGTH(LINE) DO
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* ' * 'C* ** * ' * * w .. * C *7

BEGIN
WRITE (COPY(LINE, 1,1),''
NOTE (PITCH, 10);
PITCH: =PITCH-l;

END;
END;

PROCEDURE DISFLAY3;

EFOR I:=l TO LENGTH(LINE) DO
BEGI N

WRITE (COPY (LINE, 1,1));
NOTE (PITCH, 10);
PITCH: =FITCH-i;

END;
END;

Ce Main body o4 DRAW SCREEN

BEGIN
('SR APPLESTUFF e)(o Retain UNIT in memory '

WR ITELN (CHR (12));
PITCH: -I;

POS:rl; (4Draw box around screen a
FOR 1:=l TO 20 DO

BEGIN
GOTOXY(POS,0);
WRITE('*')
POS: =POS+4;

END;

POS: z2;
FOR 1:=l TO 10 DO

BEGIN
SDTDXY(77,POS);

WRITE ('*');
Pos: cPOS+2;

END;

- - -POS: -73;

FOR 1:-i TO 19 DO
BEGIN

GOTOXY(POS,20);
WRITE('*')
DOS: -POS-4;

END;

*Pos: -IB;
FOR 1:-i TO 9 DO

DL-GIN
8070XY(1,POS);
WRITE US');
P06: -PCS-2;

END I

...........................................................-5~



WRITE(CHR(15)); GOTOXY(21,3); WRITE(' ');

LINE:='PASCAL STATISTICAL'; GOTOXY(22,3); DISF AYI;
GOTOxYt2,5); WRITE(, 1);

LINE:='PROCEDURES PACKAGE'; GOTOXY(22,5); DISPLAYl;

4 . WRITE(CH(14));
LYNE:='(PSPP)'; GOTOXY(34,7); DISPLAY];
LINE:r'FOR'; GOTDXY(Z7,lf); DISPLANI;
LINE:='MICRDCOMPUTER'; GCTOXY(27,12); DISF3'2;

LINE:='Programmed by'; GDTDXY(33,:5); DISF5AP 3;

LINE:='David P. Kunkel'; GCTDXY(32,17); DISF A 3;

END; (a End of DRAW SCREEN *)

PROCEDURE OVERVIEW;

"-'(a Procedures internal to OVERVIEW a)

PROCEDURE PAGEI;

BEGIN
GOTOXY(0,5);
WRITELN('This package does Multivariate ',

'Statistical analysis.',CHR(13));

WRITELN('The following modules are available:',
CHR(13));

WRITELN' 1 - Data file preparation');
WRITELN(' a - Create a new data Jile');

WRITELN(' b - Save a file to disk');

WRITELN(' c - Load a file from disk');
WRITELN(' d - Modify data in a file');

WRITELN(' - Echo-check data in a file');

WRITELN(' 2 - Canonical Correlation analysis');
WRITELN(' 3 - Factor analysis');

END; C' End of PAGE I *

PROCEDURE PAGE2;

BEGIN

GOTOXY(0,3);
WRITELN('Data file specifications are NOT under ',

'user control.',CHR(13));
WRITELN('The following criteria exist:');

WRITELN(' I - Upper limit of '*,MAXSIZE,

-fields per record');

WRITELN(' 2 - Upper limit of ',MAXREC,
P records in file');

WRITELN(' 3 - All records ',CHR(15),'MUST',

CHR(14),' be numeric',CHR(13),CHR(13));

WRITELN('There are two types of user Inputs:',

CHR(13));
WRITELN(' I - When asked to ''ENTER'' a value, ',

'you should type your');

WPITELN(' response, then press the ',CHR(15),

'RETURN',CHR(14),' key.');
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In.

WRITELN(' 2 -When asked to ''PICK'' an option '

or asked a Yes or No question,');
WRITELN(' the ',CHR(15),'RETURN',CHF(I4),

*key nerd not be pressed.',CHR(lZ));
WRITELN(CHFA15),'NOTE:',CHR(14),' Yru will be asked',

* 14 you have a printer on-'flne. 14 you');
WR'TELNU' say YES and there is not, the

'prograr will run slower'');
END; (CEnd o4 PAGE 2 a

- - (a Main bod, oi OVER.'IEW C

BEGIN
WRITELN(CHR(12),' ':l6,CHR(15),' PASCAL STATISTICAL '

'PROCEDURES PACKAGE ',CHRl4W)

PAGE 1;

GOTX(22,22);
WRITE('Press any key to continue ';

GETDPTIDN(OFT);
ERASE (5, 18);

PAGE2;

GOTOXY (22,22);
WRITE('Press any key to continue ');
GETOPTIDN(OPT);

END; (aEnd o4 OVERVIEW a

PROCEDURE GETSPEC;

BEGIN
WRITELN(CHR(12),' ':l&,CHR(l5),' PASCAL STATISTICAL,

'PROCEDURES PACKAGE ',CHRU14));
GOTOXY (0,10);
WRITE('Do you have a printer5 ',CHR(15),' (YIN)',

CHR (14));
BETOPTION (OPT);
WHILE (OPT<>'Y') AND (OPT<>'y') AND

(OPT<>'N') AND (OPTO>'n') DO
GETOPTION(OPT);

IF (OPT-'Y') OR (OPT-'y') THEN
PRINTER: -TRUE

ELSE
PRINTER: -FALSE;

END; (aEnd o4 GET printer SPECi4xcation a

* . (a Plain body o4 START UP C

BEGIN
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(*$FR MAINUNIT '1)( Retain UNIT in me1~ory C

DRAh.SCREEN;

GOTOXY (20,23);

WRITE('Do you want introductory remarl~s' ,CHR(15),
(V/N)' ,CHF(lA:)

GETOPTION (OPT);
WHILE (OPT<>'V') AND (OPTO'y') AND

(OPT(>'N') AND (OPT<)'n') DO

GETOPTION(DPT);

IF (OPT='V') OR (OPTS'y') THEN
OVERVIEW;

GETSPEC; (*Ask if printer online *

END; (aEnd of START UP 4

(S Initialization part o4 UNIT

* . END.
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(*$S+*)

UNIT DATAMOD;

INTERFACE

USES TRANSCEND, MAINUNIT, MUA, MUDB, MUC, MUQD, MUE;

PROCEDURE DATAMODULE(VAR DATA:RAWDATA:VAR SPECSI:HEADEPI;

VAR SPECS2:HEADER2;PRINTER:BOOLEAN);

-\ IMPLEMENTATION

"(* Main body of DATAMODule 4)

PROCEDURE DATAMODULE;

2 - (*44**************************e*******4**4******44*****.)

(4 This procedure handles data input, modification, and 4)

(4 data storage to disks previously formatted by 4)

(4 the PASCAL operating system. 4)

(* This procedure needs as input: 4)

(4 DATA - Array of and for data storage

(4 SPECSI - Array of field or variable names 4)

(0 SPECS2 - Array o4 field widths & file specs 4)

(4 PRINTER - Indicator of printer presence 4)

(* This procedure provides as output the above arrays 4)

(* stored on disk or printed to screen and printer. 4)

* .(4 4)

VAR

OPT: ( Menu option 4)
CHAR;

DONE: (4 Completion indicator 4)

BOOLEAN;

(eaea.4.e*e*eaaa***a*4.ea***a*444444*44*44***4*44444444*44444*4******

(* Internal Procedure 4)

PROCEDURE SOTOPMENU;

BEGIN
WRITELN(CHR(12),' ':2e,CHR(15),' DATA MODULE ',CHR(14));
SOTOXY(O,5);
WRITELN('Select desired option:');

WRITELN(' I - Create a new data file');

WRITELN(' 2 - Save a file to disk');
b ITELN(' 3 - Load a file from disk');

WRITELN(' 4 - Modify data in file');
WRITELN(' 5 - Echo-check data in file');

WRITELN(' & - Exit DATA MODULE');

ETOPTION(OPT);
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WHILE (OPT<'l') OR COPT>'6') DO
SETOPT ION(COPT);

CASE (OPT) OF
'I': MAKEFILE(DATA,SPECSl,SPECS2U;
'2': SAVEFILE(DATA,SPECSI,SPECS2);
'3': LOADDATA(DATA,SPECSl,SPECS2);
'4': MODIFILE(DATA,SPECSl,SPECS2);
'5': ECHDFILE(DATA,SPECSl,SPECS2,PRINTER);
'6': DONE:=TRUE;

END; (aEnd of CASE a
END; (4End of GO TOP MENU a

(a Main body of DATA MCDULE 4

- - BEGIN
DONE:-FALSE;
WHILE NOT(DONE) DO

GOTOPMENU;
* END; (aEnd of DATA MODULE a

(a Initialization part of UNIT a

.4) END.
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UNIT CANCORMOD;

INTERFACE

USES TRANSCEND, MAINUNIT, MUE, MUF, MUG, MUH, MUJ, MUK;

PROCEDURE CANCOR(VAR DATA:RAWDATA;VAR SPECSI:HEADERI;
VAR SPECS2:HEADER2;PRINTER:0DOLEAN);

IMPLEMENTATION

(4 Main body of CANCORMODule 4)

PROCEDURE CANCOR;

This procedure allows for the division of the DATA )

(4 array into two sets of variables. It then 4

(4 derives a linear combination from each set 4

(4 such that the correlation betwezn the two 4

linear combinations is maximized. 4

'(4 This procedure needs as input: )

(* DATA - Array of data to be analyzed
(4 SPECSI - Array of field or variable names )
(4 SPECS2 - Array of field widths & file specs )
(4 PRINTER - Indicator of printer presence 4

(4 This procedure produces and outputs the canonical 4

.(4 variates and the correlations between them. 4

-4.- (4 NOTE: The rawdata is standardized but not 4
-*.-" (4 automatically saved to disk. 4

-. VAR
VAR I, (a Iteration counter 4)

P, (a Number of criterion variables a)
K, (4 Number of predictor variables *)
NUMREC, (4 Number of records in DATA 4)

WIDTH: ( Number of fields in DATA 4)
, INTEGER;

OPT: (4 Menu option 4)

CHAR;
1 GROUP: (4 Variable type designations a)

HEADER2;

XBAR, (e Variable means

GDEV, (a Variable standard deviations 4)

t EIGVAL, (4 Calculated eigenvalues 4)

CANCORS, (4 Canonical correlations 4)

WILKSL, (a Wilk's Lambda statistics 4)

CHISOR: (4 CHI Square statistics 4)

VECTOR;

CORRMAT, (4 Sample Correlation Matrix a)
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EIGVEC, (0 Eigenv'ectors/Y Canonical wts a
A, (aMatrix to get eigenvalues of 0

BETA: CoScaled X Canonical weights a
MAT RI X;

FEAS, (4 Feasible matrix inversion a
DONE: (4Completion indicator

BOOLEAN;

Us Internal Procedures 4

PROCEDURE GETVARSNSTATS;

BEGIN

(*SF MUF )(aRetain UNIT in memory a

ASSIGNVARIABLES(SF'ECSI,SPECS2,GROUP, l,FEAS);

IF (FEAS) THEN

P: =GROUF1-l13;
K: =GROUP[Q);
ERASE (5, la);

IF (PRINTER) THEN
BEGIN

WRITE(PTR,CHR(12),CHR(19),CHR(14),
':7,'CANONICAL CORRELATION',

CHR (20) ,CHR (15) );
FOR I:=l TO 3 DO

WRI7ELN(PTR);
END;

GOTOXY (0,22);
WRITELN('Calculating MEANS & STANDARD '

'DEVIATIONS. . Please stand by ')

CALCULATE CXBAR, SDE V, DATA, SPECSI, GROUP, NUMREC,
WIDTH, PR INTER);

ERASE (22,1);
GOTOXYO0,20);
WRITELN('Solect desired option:');
WRITELN(' 1 - Proceed with '

'standardization');
4 RITELN(' 2 - Exit CANCOR routine');

GETOPTION(OPT);
44 WHILE COPT<>'l') AND (OPT<>'2') DO

GETOPTION(OPT);
ERASE(20,3);
IF (OPT-'2') THEN

DONE:-TRUE;
END

ELSE
DONE: -TRUE;

END; C~End o4 GET VARiableS aNd STATisticS a
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% PROCEDURE STANDNGETCORRMAT;

(*SR MUG 4)(0 Retain UNIT in memory *

ERASE (5, 16);
GOTOXY (0,20);
WRITELN('Standardizing designated variables.

'Please stand by 1);

6TANDARDIZE(DTcA,XSAR,SDEV,GRDUF,NUMREC,WIDTH,'2');

GOTOXV(0,22);
WPITELN(CHR(7),'Generating Correlation Matrix.

'Please stand by ');

GENMATRIX (DATA,COPRN AT,SPECSI ,GRDUP,NUMREC,
WIDTH,PRINTEFO;

GOTOXYY(0,20);
WRITELN('Select desired option:');
WRITELN(' I - Proceed with statistics '

'calculation');
WRITELN(' 2 - Exit CANCOP routine');
GETDPTIDN(DPT);
WHILE (DPT<>'l') AND (OPT<>'2') DO

GETOPT ION (OPT) I

IF (OPT='2') THEN
DONE: =TRUE;

END;!C End o4 STANDardize aNd GET CORRelation MATrix *

PROCEDURE CALCULATESTATS;

BEG IN
('SR MUH a(aRetain UNIT in memory a

ERASE (2,21);
SOTOXY (0,22);
WRITELN('Calculating Eigenvalues..

'Please stand by ');

PREPTOE IS(CORRMAT, P, K,A, FEAS);

IF NDT(FEAS) THEN (aMulti-collinearity trap *
BEGIN

SOTOXY (1,22);
a' WRITELN(CHR(l5),'WARNING:',CHR(14),' Data is'

'multicollinear. CANCOR can not proceed');
WRITEU ':l1,'Press any key to exit '
SOTOXY(0,22);
BETOPTION (OPT);
DDNE:-TRUE;

END;

IF NOT(DONE) THEN (aContinue calculating stats *
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BEGIN
EIGEN (F, A,EIGVEC, EIGVAL);

ERASE (22, 1);
GDT0YxY'(0, 20);
WRITELN(CHRfl7),'Calculating Canonical '

'Correlations, kWil ''s Lambda, and '

'CHI Square. . .',CHP(13));

GETCANCDRSTATS(EIGYAL,CAN:DRE,WILVSL,CHISOR,
-' NUMREC,P,K,PRINTER);

GDTDXY (0,20);
WRITELN('Select desired option:');
WRITELN(' 1 - Proceed with Canonical '

'Variable calculation');
WRITELN(' 2 - Exit CANCOR routine';
GETDF'TION(OPT);
WHILE COPT(>'1') AND (OPTO>'2') DO

GETOPTION(OFT);

IF (OPT='2') THEN
DONE: =TRUE;

END;

END; (aEnd of CALCULATE STATisticS *

PROCEDURE SETSTRUCTCORP;

BEG]IN
ERASE(5, IS);
SOTOXY(0,22);
WRITE('Calculating Canonical Variate Coefficients',

*Please stand by ');

GETCVCS(CCANCORS,E IGVEC, BETA, CORRMAT ,SPECSI,
GROUP,PR INTER);

-. GOTOXY (0,22);
-*4 WRITE('Calculating Canonical Variate Scores.

'Please stand by ')8

-e GETCVSS(DATA,GROUP,EIGVEC,BE1A,NUMREC,
WIDTH, PRINTER);

N GOTOXY(0,22);

WRXTE('Calculatlng Structure Correlations. ..

'Please stand by '

GTRUCTURECORR (EIGVEC, BETA, CORRMAT, EISVAL, SPECS!,
GROUP, WIDTH,PRINTER);

END; (a End o4 GET STRUCTure CORRelations 0

4' Main body 04 CANCOR 4
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BEGIN
NU1MREC:=SPECSE[-lI; (aInitialize parameters
WIDTH: =SPECSL 01;
DONE: =FALSE;
FEAS: =TRUE;

WRITELNCHR12),' ':20,CHR15),' CANONICAL CORRELATION '

'ROUTINE ',CHR(14)U;
GOTOXY (0 ,20);
WRITELN('Select desired option:');
WRITELN(U I - Proceed with variable selection');
WRITELN(' 2 - Exit CANCOR routine');
SETOPTION(OPT);
WHILE (OPT<>'l') AND (OPT<>'2') DO

SETOPTION(OPT);
IF (DPT='2'l THEN

DONE: =TRLJE;
ERASE (20,3);

IF NOT(DONE) THEN (aInput & Calculate statistics *
GETYARSNSTATS;

IF NOT(DONE) THEN (aStandardize t Get Corr Mat a
STANONGETCORR AT;

IF NOT (DONE) THEN (aCalculate statistics a
A CALCULATESTATS;

IF NCTCDONE) THEN (4Get Structure Correlations a
GETSTRUCTCORR;

END; (aEnd o4 CANCOR a

(4 Initializ!!tion part oi UNIT a

END.
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(•$S+*)

UN:T FACTORMOD;

INTERFACE
" USES TRANSCEND, APPLESTUFF, MAIN_UNIT, MUE, MU_F, MU-G,

MUMH, MUI, MUK;

PROCEDJRE FACTOFNVAR DATA:RAWDATA;VAP SPECSI:HEADE'l:
VAR SPECS2:HEADER2;FRINTEP:BDOLEAN;

. IMPLEMENTATION

( Main part of FACTORMODu:e

PROCEDURE FACTOR;

(a This procedure looks for an underlying pattern of •)

-=(a relationships between members of a designated a)

set c variables so that a possible reduction a)
( to a smaller set of factors or components can a)
(a be done. a)

(a This procedure needs as input: a)
(* DATA - Array of data to be analyzed a)

(• SPECSI - Array of field or variable names a)
(• SPECS2 - Array of field widths & file specs a)

(a PRINTER - Indicator of printer presence a)

(a This procedure produces and output the Factor a)

(a Loadings, Communal2ties, Coefficients, and a)
(a Scores for a given set o4 data. a)

VAR
". I, (4 Iteration counter a

N, (C Number of Factors a

NS, (a Number of Significant Factors a
NUMREC, (* Number of data records a
WIDTH: (a Number of record fields a

INTEGER;

OPT: (a Menu option a)
CHAR;

GROUP: (a Identifies designated set a)

HEADER2;
FEAS, (a Feasibility indicator a)

DONE: (a Completion indicator a)

BOOLEAN;
XBAR, (a Array of field means C)

0 BDEV, (a Array of field Standard Dev. a)

'F-'" EIGVAL: (a Array of Eigenvalues a)
VECTOR;

CORRMAT, (aCorrelation matrix a)
EIGVEC, (a Array of Eigenvectors a)
FACTCOEF: (a Array of Factor Coefficients a)
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MATRIX;

InenlProcedures 4

PROCEDURE INPUTNCALCSTATS;

BEGIN

(*SR MUF )(4Retair UNIT an Memzrf 4

ASSIGNVARIABLES(SPECS1,SPECS2,GROJP,2,FEAS);

IF (FEAS) THEN
BEGIN

IF (PRINTER) THEN
BEGIN

WRITE(PTR,CHR12,CHS.u6',CHR14),'':,
'FACTOR ANALYSIS',CHR(20),CHRGS5));

FOR i:=I TO 3 DO
WRITELN(PTRu;

END;

NI-GROUPi 0);
ERASE 5, 16);
GOTOXY(0,22);
WRITE('Calculating Means & Standard Deviations',

.Please stand by 1);

CALCULATE (XBAR,SDEY,DATA,SPECS1,GROUP,NUMREC,
bJIDTH, PRINTER);

%.

GOTOXY (0,20);
WRITELN('Select desired option:');
WRITELN(' 1 - Proceed with ',

'Standardization');
WRITELN(' 2 - Exit FACTOR routine',' ':30);
GETOPT ION (OPT);
WHILE (OFT<>'1') AND (OPTO>'2') DO

6ETOPTION(OPT';
IF (OPT='2') THEN

DONE: -TRUE;
END

* ELSE
DONE: -TRUE;

END; (4End oi INPUT variables L CALCulate STATisticS 4

PROCEDURE STANDNGETCORRMAT;

BEGIN

(*R MUG 4 ( Retain UNIT in memory 4

ERASE (5,19);
GOTDXV(0,20);
WRITE('Btandardizlng data .. . Please stand by '

STANDARDIZE(DATA, XBAR, SDEY, GROUP, NUMREC, WIDTH, '2';
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GOTOXNU0,22);
WRITE(CHR(7),'Generating Correlation Matrix..

'Please stand by ');

GROUPE-1J:-TRUNC(N/2.0); (aPartitions a
GROUPE0J:-N-GROUPE-1 2;

SENMATRI X(DATA, CORRMAT, SPECS1, GROUP, NUMREC,
WIDTH, PRINTER);

GROUP 10):=N
GOTOXY (0,20);
WRITELN('Select desired option:');
WRITELN(' I - Proceed with FACTOR calculation');
WITELNC' 2 - Exit FACTOR routine');
BETOPTION (OPT);
WHILE (OPT<>'1') AND (OPT(>'2') DO

GETOPTION (OPT);

IF (OPTs'2') THEN
DONE: =TRUE;

END; (aEnd of STANDardize & GET CORRelation MATrix 4

PROCEDURE GETSTATSNSCORES;

BEGIN
ERASE (2, 21);
GOTOXY (0,22);
WRITE('Calculating Eigenvalues..

'Please stand by ')

EIGEN(N,CORRMAT,EIGYEC,EIGVAL);

ERASE (22,1) i

BELECTFACTORS (NB, NUNREC, EIGYAL, GROUP, PRINTER);

GOTOXV(0,22);
WRITE('CalculatinC, Factor Loadings. ..

'Please stand by ')U

FACTORMAT (El GVAL,EI GVEC, FACTCOEF, SPECS1, GROUJP,
WIDTH, PRINTER);

93OTOXY (0,22);
WRITE('Calculatlng Factor Scores..

'Please stand by ');

GETFACTSCORES (DATA, FACTCOEF, GROUP, WUMREC,
WIDTH, PRINTER) I

END;O( End of SET STATistics & factor GCLJRES a)

* - (0 Main body of FACTOP routine 0
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DEG IN
NfLNREC: -SPECS2C-1 2;1
WIDTH: -SPECS2E O3l
DONE: -FALSE;
PEAS: -TRUE;

WRI'E! 4(CHR(12),' ':28,CHR(15),' FACTOR ANALYSIS ROUTINE '

CHR (14))
GOTnXY(0,20);
WRITELN('Select desired option:');
WRITELN(' 1 - Proceed with variable selection');

* bRITELN(' 2 - Exit FACTOR routine,);
SETOPTION(OPT);
WHILE (OPT<>'l') AND (OPT<>'2') DO

GETOPTION (OPT) I
IF IOPT-'2') THEN

DONE: -TRUE;
ERASE (20,3);

* IF NOT(DONE) THEN
INPUTNCALCSTATS;

IF NOT(DONE) THEN
STANDNGETCORRMAT;

IF NOT(DONE) THEN
SETSTATSNSCORES;

END; (aEnd of FACTOR routine C

Initialization part of UNIT a

END.
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UNIT MAIN_UNIT; INTRINSIC CODE 27 DATA 28;

I NTERFACE

CONST
MAXREC = 200; (* Maximum number o4 records per file a)
MAXSIZE = 10; (a Maximum number of 4ie.ds per record a)

TYPE
VECTOR = ARRAYrl..MAXSIZE] OF REAL;
MATRIX = ARRAYI1..MAXSIZE] OF VECTOR;
HEADER1 a ARRAY[O..MAXSIZE] OF STRING[15];

HEADER2 = ARRAY[-1..MAXSIZE] OF INTEGER;

RAWDATA - ARRAY[1..MAXREC,I..MAXSIZE] OF REAL;

VAR
PRINTER: (a Flag set indicates printer presence a)BOOLEAN;

DATAFILE, ( Used for data transfer to/from disk a)
PTR: Ca File to hold text to be printed a)

TEXT;
SPECSI: Ca Array of field and variable names a)

HEADER I;
SPECS2: (* Array of field widths & file specs a)

HEADER2;
DATA, (a Array of data used by all routines a)

SCORES( Array of FACTOR or CANCOR scores
RAWDATA;

PROCEDURE SETOPTION(VAR OPT:CHAR);

PROCEDURE ERASE (ROW, LINES: INTEGER);

IMPLEMENTATION

Caaa*a*a*a*aaa*****aa*a*****a***aaa*a**********************a*)

ae Main body of MAINUNIT a)
"4 , "(***********a************************************ **O***aa*****)

PROCEDURE SETOPTION;

.< (.eeeea*..aeaaaaaaaae4aeeae*a* eaaeaeae**aatle~*4** ***a*******)

(0 This procedure rings a bell to alert the user to 4)

(a a required input, then accepts i character. e)
_5_ (a It is used after menu displays and as means

" (a of delaying operation until signaled by user. a)

(aaa. a..aaaaaaaa*aaaaaa~a*4***a** *a)

W BEGIN
- WRITE(CHR(7)); (a Ring bell to alert user a)

READ(KEYBOARDOPT); (a ccept a single character a)
END; (* End of SETOPTION a)

* ' (.e.a.a..aSS.....eee4 .....s4)aaaasea eee.*@e*. a.aase@eaee aeea )

PROCEDURE ERASE;

mPi9
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-. (*This procedure erases LINES 4rom. the screen, 0)
. i (* starting 4rom screen position (O,ROW). *

~VAR 1: INTEGER; (*Iteration counter 0)

BEG IN
GOTOXY (O,ROW) ;
FOR 1:=1 TO LINES DO

WRITELN(CHR(29)); (*Erases one line *
END; (*End o4 ERASE *

(* Initialization part o4 UNIT e

END.

,'eq

Je
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UNIT MUA; INTRINSIC CODE 11;

INTERFACE
USES MAIN UNIT;

PROCEDURE MAKEFILE(VAR DATA:RAWDATA;VAR SPECSI:HEADERI;
VAR SPECS2:HEADER2);

IMPLEMENTATION
"L (*aat****** *aaaa****a******* ***aC**4* **a..a*******..)

(4 Main body of MUA )
(a*************************************S******

PROCEDURE MAKEFILE;
(aa*aa************a********a***4*********f*******)

(* This procedure accepts as input the contents of a 4)

(4 data array, specifications as to the size and a)
(a width of the data fields and names for each field. *)

•( This procedure returns as output:

(a DATA - Array of raw data as input by user 4)

" (* SPECS1 - Array of field or variable names a)
S( SPECS2 - Array of field widths

VAR

I. (, Iteration counter a,

COLS, (a Number of columns 4)

FIELD, (a Field identifier a)
INDEX, (a Index into arrays )

NUMREC, (a Number of records 4)

ROW, (4 Row on screen a)

WIDTH: (a Number of fields a)

INTEGER;
VALUE: (a User inputed data *)

REAL;

DONE: (4 Exit indicator a)

BOOLEAN;
OPT: (a Menu option a)

CHAR;

(*a*a*aaaaaaa*aa*aaa**a*aaaaa**aa*a*aaaa*aaa**a*****a****************

(a Internal Procedures a)
(..a*aaaaa**aaaaa***a*aaaaaaaaaaaeaa*aaaa********************

PROCEDURE PAGEI;

BEGIN
WRITELN('3e4ore entering the data, modify it as ',

'follows: ',CHR(13));
WRITELN(' I - All entries must be numeric. ',

'See user''s manual for help');
WITELN(' on converting letters to numbers.');
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WRITELN;
WRITELN(' 2 - Upper limit of ',MAXSIZE,' fields ',

'or variables per record.');
WRITELN;

WRITELN(' 3 - Upper limit of ',MAXREC,' records ",
'per data file.');

WRITELN;

WRITELN(' 4 - Upper limit of 80 characters per ',

'record. This includes all');
WRITELN(' decimal points and spaces between ',

'4ields.');
WRITELN;
WRITELN(' 5 - The first field of any record can ',

'not be 9999. This value');

WRITELN(' is used to signify data entry ',

'completion.');

END; (* End of PAGE I 

PROCEDURE PAGE2;

BEGIN

WRITELN('Order of entry is as follows:',CHR(13),CHR(l3));
WRITELN(' First - The number of fields or variables ',

'is requested.',CHR(13));
WRITELN(' Next - The name and width of each field is ",

'requested. Remember to');

WRITELN(' leave room for the largest value in ',

'each field. Also, the');

WRITELN(' field name should be less than or ',

'equal to the width, or it');
WRITELN(' will be truncated to fit.',CHR(13));
WRITELN('Finally - Each record is entered, one field at',

a time. After the last');
WRITELN(' field is entered, you will be asked ',

'if any changes need to be');
WRITELN(' made. Enter 9999 in the first field',

I to signify completion.')l

END; (0 End of PAGE 2 0)

PROCEDURE SHOWINSTRUCTIONS;

BEGIN
RITELN(CHR(12),' ':23,CHR(15),' DATA ENTRY '

* .'INSTRUCTIONS ',CHR(14));

BOTOXY(O,5);

PAGE);

'OTOXY(22,22)1

WRITE('Press any key to continue ')l

GETOPTION(OPT);
ERASE (, 18);

-OTOXY(O,5);

PAGE2;
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€%, GOTOXY(22,22);

GETOPTION(OPT);
END; (0 End of SHOW INSTRUCTIONS a)

(*$I PSPP:GATHERDATA a) (a Include 41le in compilation a)

PROCEDURE DISPLAYMENU;

'a BEGIN

WRITELN(CHR(12)," ':25,CHR(15),' DATA ENTRY PROCEDURE',
CHR(14));

GOTOXY(O,5);
WRITELN('Select desired option:');
WRITELN(' 1 - Display instructions');

WRITELN(' 2 - Enter raw data');
WRITELN(' 3 - Exit DATA ENTRY procedure');

SETOPTION(OPT);

WHILE (OPT<'1') OR (OPT>'3') DO
-' ~i..SETOPTION(OPT);

* CASE (OPT) OF
I1':SHOWINSTRUCTZONS;
'2':GATHERDATA;
'3':DONE:-TRUE;

END;

r.... END; (* End of DISPLAY MENU a)

Main body o MAKEFILE

BEGIN
DONE:-FALSE;
WHILE NOT(DONE) DO

DISPLAYMENU;
END; (4 End of MAKE FILE a)

(0 I~nitialization part o4 UNIT a)

4' END.
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PROCEDURE GATHERDATA;

S.- (0 This procedure is the main working section used 0
is.,. (*by MAKEPILE to structure and fill the data a

(0 and specification arrays. 4

(4 Procedures internal to GATHERDATA 0

PROCEDURE DISPLAYSPECS;

BEGIN
GOTOXY (0,7);
FOR i:-1 TO WIDTH DO

4 WRITELNucI:7,SPECs2rI): 12,' * :7,SPECSlEIJ,CHR(29));
N END; (* End of DISPLAY SPECS 4

PROCEDURE HANDLE INVAL ID;

DESGIN
(*$I-*)

WRITE CCHR(9),' ':20);
SOTOXY (1,20);
WRITE(CHRIB5,WARNING:,CHR(14),' Value must '

'be a number. Press any key to continue .)I
SOTOXY(O,20);

45 SETOPTION(OPT);
ERASE (20,1);

% SDTOXY(33,ROW);
* RESET(INPUT);

READ (VALUE);
('SI.')
END; (* End of HANDLE INVALID entry a

iS PROCEDURE ENTERYALUE;

VAR NAME: STRING; (4Field name to enter *

-, d BEGIN

(*$I-*)
AmaOW: -FIELD+&;

SOTOXY(0,ROW);
NAME: -SPECS1 CFIELDJ;
IF (LENGTH(NAME)>15) THEN (0Truncate names to fit 0

NAME:-COPYU4AME, 1,15)1
WRITELN(FIELD:4,N4AME: 16, BPECS2EFIELDJ:7);
SOTOXY (fl,ROfl;

% RESET(INPUT);

READ(VALUE);
v. WHILE (IORESULT=14) DO
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HANDLEINVALID;
DATAENUMREC, FIELDJ: =VALUE;

* (*6J4*)
END; (aEnd c4 ENTER VALUE C

PROCEDURE CHANVE VALUE;

VAR FIELD: INTEGER; (aField to be changed a

BEGIN
(*$I-*)

BOTOXN 0, 19);
WRITELN('Enter field to change:');
WRITELN(' (0 = Skip change)');
RESET(CINPUT);
READ (F IELD)

WHILE (IORESULT=14) OR (FIELD<0) OR (FIELD>WIDTH) DO
BEG IN

GOTOXY (0,22);
WRIrE(CHR(7,'Bad field number. Press any,

*'key to try again ');
GETOPTION(0PT);
ERASE(C21, 2);
GOTOXY(0,21 I
RESET (INPUT);
READ (FIELD);

END; (0 End of Invalid Index a

ERASE(19,4)g
IF (FIELD<>0) THEN (aMake change C

BEGIN
ROW: -FIELD+6;

d**. SOTOXY(56, Row);
WRITE(CHR(15),'<= Enter noew value:',CHR(14));
BOTOXY(33,ROW);
RESET(INPUT);

.4 READ(VALUE);
WHILE (IORESULTI14) DO

HANDLEINVALID;
DATAC INDEX,FIELDI:-VALUE;
BOTOXYc56, ROW);
WRITELN(CHR(29));

END;

END; (0 End of CHANGE VALUE a

PROCEDURE UETFLDWIDTH;

DEG IN

BOTOXY(60,5); (CDisplay column status a
WITE(CHR(l5 ,COLB:3,CHR(14));
SOTOXY(7,5;1
WRITECHR15, (O-COL):3,CHR(14));
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GOTOXV(19,ROhfl;
RESET(INPUTh;
READ(SPECS2C INDEX));

WHILE (IORESULT-14) OR (SPECS2tINDEX)<9) OR
(SPECS2IINDEXJ>l5a OR (COLS+SPECS2CINDEX)>9O) DO

BEG IN
SOTOXY Cl6,ROW);
WRITELN(CNRZ9));

GDTDXY(56,ROfl; (a Error Messages *
IF (SPECS2EINDEX)(9) THEN

WRITE(CHR(l5).,'Must be at least 8',CHR14));

IF (SPECS2rINDEX)>15) OR (COLS+SPECS2EINDEXL>90) THEN
* -. BEGIN

A, IF (SPECS2EINDEXJ>15) AND
(COLS+SPECS2L INDEX 2>90) THEN

BEG!IN
IF (90-CDLS<15) THEN

WRITE(CHR(I5),'Must be no more '

'than ',90-COLS,CHR(14))
ELSE

WRITE(CHR(l5),'Must be no more
'than l5',CHR4l4))

t END

ELSE
BEGIN

IF (SPECSZCINDEXJ>I5) THEN
WRITE(CHR(15),'Must be no more

'than 15' ,CHR(I4))
ELSE

WRITE(CHRCIS),'Must be no more
'than ',SO-COLS,CHR(14))

END
j END; (* End of Error Messages a

BOTOXY(1,ROJ);
RESET(CINPUTU;

p READ(SPECS2IINDEXJ);
END; (* End of Bad Width a

d COLS: COLS+SPECS2E INDEX);
BOTOXYC&O,5); (aDisplay column status *
WRITE(CHR(15),COLS:3,CHR(14));
SOTOXY(7&,5);
WRITE(CHR15,So-CL:3,CHR(14));

END; (aEnd of GET FIELD WIDTH a

PROCEDURE BETFLDNAME;

-A BEGIN

A'.., SOTOXY(26,,ROW)I
PRITE (CHR (29));
RESET (INPUT) 5
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READLN(SPECSltINDEX));

IF (LENSTH(SPECSIrINDEX2) >SPECS2IINDEX)) THEN
WHILE (LENSTH(SPECSXEINDEX3)>SPECS2tINDEX)) AND

(POS(' ',SPECSC[INDEX))=l) DD

DELETE(SPECSICrINDEX), 1, 1);

IF (LENSTH(SPECSI[INDEX))>SPECS2rINDEX) THEN
SPECSItINDEX):=CDPY(SPECSItINDEX), 1,SPECS2tINDEX3P;

END; (aEnd o4 GET FIELD NAME a
%

PROCEDURE GETWIDTH;

VAR
OPT: (aMenu option

.4 CHAR;
2 DBAD: ( Invalid designator a

BOOLE AN;

(a Internal Procedures C

PROCEDURE DADW IDTH;

WRITE (CHR (26));
GOTOXY (1,20);
WRITELN(CHR(15) ,'WARNING:' ,CHR(14),

You must erter an integer between '

'l and ',MAXSIZC,'.',CH1R(13));
WRITE(' ':ll,'Press any key to try again ');
SOTOXY(O, 20);
BETOPTION (OPT);
ERASE (20,3);

END;

PROCEDURE 9000W! 0TH;

DESGIN
GOTOXY(0,9);

*55% WRITELN('Do you want to stay with ',CHR(15),WIDTH,
CHR(14),' fields?' ,CHR(13));

WRITELN('Select desired option:');
WRITELN(' I - Change size');
WRITELN(' 2 - Go on to field definition');

* ETOPTION(OPT);
WHILE (OPTO>'l') AND WOPT<>'2') DO

DETOPTION (OPT);

ERASE (7, 7) 1
IF (OPT-'2') THEN

DEG IN
SPECS2COJ -WIDTH;
DAD: -FALSE;
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END;
END;

-. '.-( Main body o4 GETWIDTH a)• -"(aaea***ee* a..a*a*ea.*..***e** ...****4***************************)*

BEGIN
(*$I-*)

BAD:=TRUE;

WRITELN(CHR(12),'How many variables or fields

'o4 data do you have"');
GOTOXY(,5);
WRITELN('Enter an integer of ',MAXSIZE,

. or less:',CHR(7));

WHILE (BAD) DO

BEGIN
GOTOXY(0,7);
RESET(INPUT);
READ(WIDTH);

IF (IORESULT=14) OR (WIDTH<I) OR
(WIDTH>MAXSIZE) THEN

B3ADWIDTH
ELSE

. GOODWIDTH;

END; (a End of WHILE loop a)

END; (a End of GET WIDTH '3

PROCEDURE GETSPECS;

VAR OPT: CHAR; (a Menu option *)

(Sa***aa**e*********a**aaa**aa****a*****a**a***a*****s*a****a***a***

Internal Procedures 4)

.4 PROCEDURE INITIALENTRY;

BEGIN

WHILE (INDEX<WIDTH) AND (COLS<73) DO

BEGIN
INDEX:-INDEX+l;
ROW:-INDEX+&;
SOTOXY(0,ROW);
WRITE(INDEX:7);

BETFLDWIDTH;

SETFLDNAME;

END;

- .', IF (INDEX<WIDTH) THEN
e. BEGIN
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WIDTH: =INDEX;
GOTOXY 42,20);
WRITELN(CHRl15),'WARNING:',CHR14),' You '

'are limited to ',WIDTH,' variables.',
*There isn''t room 4or more because');

WRITELN( ':ll,'you haven' 't Ieit room 4or '

more on the 80-column screen line.');
WRITE(' ':11,'Press any key to continue');
GOTOXY (0, 20) ;
GETOFT ION COF T)
ERASE (20,3);

END;
END;

PROCEDURE CHANGEDES IRED;

BEGIN
(*$I-*)

ERASE(l8,5);
SOTO XY (0, 20);
WRITELN('Enter FIELD to change, new WIDTH, '

'and new NAME (0 No Change)');
ROW: = 8;
GOTOXY (6, ROW);
RESET(4INPUT U
READ(INDEX);

WHILE (IORESLJLT=14) OR (INDEX<0) OR (INDEX>WIDTH) DO
BEG IN

SOTOXY(50,ROW);
WRITE(CHR(7),CHR(15),'WARNING:',CHR('A),

Must be 4rom 0 to',WIDTH:3);
GOTOXY(6O,ROW+.1;
WRITE('Press any key');

* -. GOTOXY(49,R0W);
GETOPTIONWOPT);

BOTOXY(6,ROW); (aErase message *
V WRITE (CHR (29));

GOTOXY (60,ROW+l);
WRITE (CHR (29));

BOTOXY(6,ROW);
RESET(CINPUT);
READ (INDEX);

END; (* End o4 Bad Index a

IF (INDEX<>0) THEN (aChange Field a
BEGIN

COLS: -COLS-SPECS2I INDEX);

SETFLDWIDTH;

SETFLDNAME;

-' ERASE (19.5);
DISPLAYSPECS;

END;
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IF (COLS'z73) THEN (.Allow addition a
BEG IN

GOTOXY (0, 19);
WRITELN('Select desired option:');
WRITELN(' I - Add a variable');
WRITELN(' 2 - Stay with ',WIDTH,

.variables');
GETOPTION(OPT);
IF (OPT<>'1') AND (OPTG"12') THEN

SETDFTION(OPT);
ERASE(C1 9, 3)

IF (OPT='1') THEN
RESIN

BDTOvv'(50,5);
WRITE(CHRU(5),'COLS USED:',COLS:3,

P COLS LEFT:', (BO-COLS):3,
CHR(14));

INDEX: SWIDTH;
WIDTH: =WIDTH+l;

INITIALENTRY;
A END;

ERASE (7, 16);
DI SPLAYSPECS;

END;

GOTOXY (0, 19);
WRITELN('Select desired option:');
WRITELN(' I - Change a field');
WRITELN(' 2 - So on to data entry');
6ETOPTIDN(OPT);
WHILE (OPT<>'1') AND (OPT<>'2') DO

GETOPTION (OPT);
END;

(a Main body of GETEPECS

DESGIN
.NWIDTH:-SPECS2tOJ; (aInitialize parameters C

COLS: -0;

WRITELN(CHR(12),'Now enter widths and names for ',WIDTH,
Pfields. The widths ',CHR(15),'must',CHR(14),
be at least 6');

WRITELN('and no more than 15. This includes room for '

'6 significant digits. Names');
WRITELN('should be no wider than their field. ',

'Finally, remember the upper limit');
* RITELN('a-f S0 characters per record, in order to '

'display on one screen line.');

SOTOXY(O,5);
IIPITE(CHR(15),'FIELD NUMER,'WIDTH':9,

'I'AME' :9,CHR(14));
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GOTOXY(50, 5);
WRITELN(CHRUS5,'COLS USED:',COLS:3,' COLS LEFT:',

C90-COLS):3,CHR(14))U

INDEX: =0;
C- INITIALENTRY;

WRITELN(CHR(12),'Current field specifications:');
GOTOXY(0,5);
WRITE(CHR(1S,'FIELD NUMBER','iWIDTH':9,

'NAr E':S,CHR(14)l;
GOTOXYCSO,5);
WRITELN(CHRf15),'COLE USED:',COLS:3,' COLS LEFT:',

(90-COLS) :3,CHR(14));

DISPLAYSPECS;

S.- SOTOXY (0,19);
WRITELN('Select desired option:')I
WRITELN(' I - Change or add a field');
WRITELN(' 2 - Go on to data entry

* GETOPTION(OPT);
WHILE (OPT'C>'1') AND (OPT<>'2') DO

GETOPT ION(OPT);

'p WHILE (OPT='1') DO
U'.' CHANGEDES IRED;

END; (aEnd of GET SPECificationS a

PROCEDURE GETDATA;

r VAR
-~~ OPTI, (*Menu options 4

OPT 2:
CHAR;

-pNAME: (4Field name 4)

STRING;
* 4DONE, (aCompletion indicators a)

FINISHED:
5" DOOLEAN;

Up% (0 Internal Procedures 0

PROCEDURE PRINTHEADING;

DEG IN
FINISHED:sFALSE;
WRITELN(CHRCI2),' ':30,CHR(15),' DATA ENTRY'

04R (14));

NUMREC-NUMREC4I;

IF (NUMRECSMAXREC) THEN 'aData file full a
BEGIN

SOTOXV(O,20);
WRITELN(CHR(7),CHR(5),' WARNING: This is %,
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'the last data entry you can make' '

CHR (14));
END;

GOTOXY (6,3);
WRITELN(CHR(15),'RECDRD ft ',NUMREC,CHR(14fl;
GOTOXY(0,5n;
WJRITELN(' FIELD','NANE':14,'PIAX WJDTH':11,'VALUE':7);
WRITELN(' '' '4'----------'1:ii,'-- :;
NAME: =SPECS1 t 1;
IF (LENSTH(NAME)'fl5) THEN

NAME:=CDPV(NAME, 1,15);
WRITEU 1':4,NAME:16,SPECS2t13:7);
6DTOXY (55,7);
WRITE(CHR(15),'<= 9999 to stop',CHR(14));

END;

V'. PROCEDURE PICKOPTION;

BEGIN
ERASE (20,3);
GOTOXY (0,20);
WRITELN('Select desired option:');
WRITELN(U 1 - Change a value');
WRITELN(' 2 - Enter next record');
SETOPTIONWOPT 1)1
WHILE (OFTX<>'1') AND (OPTI<>'2') DO

GETOPT ION (OPT 1);
ERASE (20,3);

IF (OPTI-'1') THEN
CHANGE VALUE

ELS FINISHED: -TRUE;
END;

- - Main body o4 GETOATA

BEG IN

NUNREC: -0;
DONE: -FALSE;

REPEAT
PRINTHEAD INS;

ROW: -7;
SOTOXYC33,ROW);
RESET (INPUT);
READ (VALUE);

WHILE (IORESUL~wI4) DO
HANDLEINVALID;

IF (VALUIE-9999.0) THEN
BEGIN (*Completion indicator a
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DONE:wSTRUE;
NUMPEC: -NLDMREC-I;
SPECSZC -1): =NUMREC;

END;

IF NOT(DONE) THEN (0Record Entry 0

BEG IN
GDTOXv(55,9);
WRITE (CHF (29;,);

N~ DATA(NUMREC, 13:-VALUE:

* FOR FIELD:-2 TO WIDTH DO
ENTER AL UE

END; (o End o4 Record Entry 0)

WHILE (NOT(FINISHED)) AND (NOT(DONE)) DO

PICKOFT ION;

UNTIL (DONE) OR (NLMREC-MAXREC); (4 End o4 REPEAT 0
(ES!.) (0Turn an I/0 *&1u check 0

END; (aEnd o# GET DATA 0)

(a Main body 04 GATHERDATA 0

4'. BEGIN
WRITELN(CHRC1Z),' ':30,CHR(15),C DATA ENTRY ',CHR(14));
BOTOXvO,Bn;
WRITELt'CHRUS5,' WARNING:',CHrRU14),' Once this section'

-A 'is started, date that has not been saved');
.4 WRITELNC' to disk via the SAVEFILE procedure '

-. 'may be contaminated.');
.4% SOTOXY(O, 10);
V WRITELN('Select desirepd option:');

WRITELNC 1 - Start data entry');
WPITELN(' 2 - Exit this procedure');

1 SETOPTION(OPTU;
WHILE (OPT<>'1') AND (OPT(>'2') DO

A SETOPTION(OPT);

'4IF (OPT-'I') THEN 4'Accept data 0)
BEG IN

SET WIDTH;

TA;
END

END; (aEr i '9 R DATA ')
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(*$S+*)

UNIT MUB; INTRINSIC CODE 12;

INTERFACE

USES TRANSCEND, MAIN_UNIT;

PROCEDURE COMPUTE (VAR DATA: RAWDATA; VAR SPECSI: HEADERI ;
VAR SPECS2:HEADER2; INDEX: INTEGER);

*%.', PROCEDURE RECDDE (VAR DATA: RAWDATA; VAR SPECSI: HEADERI;
"RI VAR SPECS2:HEADER2; INDEX: INTEGER);

IMPLEMENTATION

• (*aa****aaa*a*a*aa**aaaa*a**************a****a****aa*******a)

(a Main body o4 UNIT MUB )

PROCEDURE COMPUTE;

_ 1- This procedure fills the indexed field in the data -)

"( array with a computation based on one or two a)
( fields / user input constants and one operand.

A. VAR
I, (a Iteration counter *)

NUMREC, (a Number o4 records a)

VARI, (* Ist or only variable a)

VAR2, (a 2nd variable, if req. a)

WIDTH: (a Number of fields a)

INTEGER;
% NUMI, (* ist or only constant a)

NUM2, (a 2nd constant, if req. *)

VALUE: (a Computed value a)

REAL;
OPT, (a Menu options a)
OPT1,
OPT2,
OPERAND: CHAR;( Selected operation ).CAR;

(0 Internal Procedures )

PROCEDURE PICKOPTION;
- ,,. 4-

BEGIN
BOTOXY (0,5);
WRITELN('This routine works by performing a computation ',

'based on one or two fields');
WRITELN('and/or user input constants and one operand ',

'(,-,a,/,etc.). Any undefined')l

WRITELN('results will be stored as 99.9999. ee user's ",

'guide for information on running');

105
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WRTLIti rceuemr hnocefr2o oe'

.o er ti ns ')

SOTOXY £0,10);
WRITELN('Select desired option:');
WRITELN(' 1 - Proceed with COMPUTE');

*WRITELN(' 2 - Exit COMPUTE FIELD');
GETOFTIDN(OPT);

WHILE (OFT<>'l') AND (OPT<>'2') DO
SETOPTIONDOPt;

N.Y END; (0End o# SELECT OPTION *

PROCEDURE USEFIELD (DPT: CHAR; VAR INDEX: INTEGER);

BE GIN
(*$I-*)

IF (OPT='1') THEN
WRITE('Enter index of 1st variable:')

ELSE
WRITE('Enter index of 2nd variable:');

WRITELN0 1 - ',WZDTH,')',CHR(13));
RESET (INPUT);
READUINDEX';

WHILE (IORESULT-14) OR (INDEXCI) OR (INDEX>WIDTH) DO
BEG IN

Z< SOTDXY(1,20);
* WRITELN(CHR(15) ,'WARNING:' ,CHR(14),

.Must be an integer between '

'1 and ',WIDTH,CHR(13));
WRITE(' ':11,'Press any key to try again ');

* -: SOTOXY (0,20);
-2 .SETOPTIONWOPT2);

ERASE (20,3);
ERASE (12, 4);
SaOTOXY (0,12);
RESET (INPUT);
OREAD INDEX);

END; (* End of Bad Index a

END; ('End of USE FIELD a

PROCEDURE USENUNCONET (VAR NUN: REAL)U

BEGIN
N-. (*$I-*)

WRITELN('Enter a number:' ,CHR(13));
RESET (INPUT);
READ(NUN);

WHILE (IORESULT-14) DO
*9 BEGIN
"4' WRITE (CHR (26));
V'. OTDX(1,20) i

PRITELN(CHR(15) ,'WARNING:' ,C14R14),
'Must be a number.'.CHR(13)fl

WRITE(' ':11,'Press any key to try again');

'. 
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GOTOXY (0,20);
*2~ GETOPTIONCOPT2);

ERASE (20,3);
-% GOTOXYCO, 12);

RESET(INPJT);
* READ(NUPD;
S. END; C'End of Dad Number *

END; c*End of USE NUMber or CONSTant 4

PROCEDURE SELECTOPERAND;

DESGIN
ERASE (5,8);
GOTOXYO0,5);
WRITELN(CHR15),' SELECT DESIRED OPERAND:',CHRU14fl;

-I WR ITELN;
WRITELN('These require a second variable:');
WRITELN(' A - Addition (+-)'

WRITELN(' B - Subtraction C-) '
WRITELN(' C - Multiplication (*) 1);
WRITELN(U D - Division M(I);
WRITELN;
WRITELNU'These operate on the first variable:');

-. WRITELNC' E - Square (SOP)';
a-,WRITELN(' F - Square Root (SORT) ');

*5WRITELN(' 8 - Natural Log (LN)')
WRITELN(' H - Log Dase 10 (LOG) '
WRITELN(' I - Exponential (EXP) '
WRITELN(' J - Absolute Value (ADS) ')I
WRITELN(' K - Truncate CTRUNC) ');
WRITELN(' L - Round (ROUND) ');

SETOPTION(OPERAND);

4SWHILE (OPERAND<'A') OR (OPERAND>'L') DO

*IF (OPERAND<'a') OR (OPERAND>'1') THEN
DEG IN

-- Nt GOTOXYCO,5);
WRITELN(CHR(15),' DAD DESIGNATOR. '

'TRY AGAIN. ',CHR(14));
- SGETOPTION (OPERAND);

END
ELSE (Convert to capitals'

OPERAND: -CHR CORD (OPERAND) -32);

ERASECS, 19);
.4, SOTOXY (0,5);

END;

PROCEDURE TWOVAR;

BEGIN

N IF (VARI)0) THEN
-'a.WRITE(SPECSIEVAR1J,' ')

ELSE

leti
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WRITE(NUMI:4:4,' );I

CASE (OPERAND) OF
'A': WRITE('+
'B': WRITE('- )

'C': WRITE('* ')

END; (s End of CASE e)

IF (VAR2,o) THEN
WRITELN (SPECS: 1VAR2))

ELSE
WRITELN (NUM2: 4:4);

END; (4 End of Two VARi able compute o)

PROCEDURE ONEVAR;

-~ BEGIN
CASE (OPERAND) OF

PEP: WRITE('SOR (');
'F': WRITEC'SORT (');
'O': WRITEC'LN (');
'H': WRITE('LDG (')I
.1.I: WRITE('EXP (');

-'J': WAITE('ABS (');
'K': WRITE('TRUNC V');
PLO: WAITE('ROUND (')I

END; (% End of CASE *

IF CVARI>Q) THEN
WRITELNCSPECSIEVAR13,')')

ELSE

END; (* End of ONE VARiabl, compute 4

PROCEDURE DOCOMPUTE;

(*OR TRANSCEND o) (0 Retain UNIT In memory *

S SBOTOXY (0,20);
WRITE('Computing. ..
FOR I:-I TO NUMREC DO

BEGIN
IF (VAR1>0) THEN

NUM:-DATAEI,VAR13;
IF 4VAR2>0) THEN

NI2: -DATA CI ,VAR2 3

CASE (OPERAND) OF
'A': VALUE:-NU041.NUM21
'B': VALUlE:-NUMI-NUM2;

-~ SCl: VALUE:-NPI.NUP2$
p.' 'DO: IF (NUM2-0.0) THEN

ELEVALUIE: -99.9999
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VALUE: -NUMI /NUM2;
'Es: VALUE:-SRNUMD);
'F': IF (NUMl<Cb.0) THEN

VALUE:-99* 9999
ELSE

VALUE:-SQRT (NUMI);
'6': IF (NUMI<-O.0) THEN

VALUE:-99, 9999
ELSE

A. VALUE:-LN (NUMI);
'H'! IF (NUMI<-C.0) THEN

VALUE: =99.9999
ELSE

VALUE: -LOS (NLPI1);
'I': VALUE:-EXP(NUMI);
'3': VALUE:-ADS(NUMI'; p
'K': VALUE:-TRUNC(NUMl);
'L': VALUE:-ROUND(NUMl);

END; (aEnd o4 CASE 4

46 END;DATAI I, INDExJ:-VALUE;

END; (aEnd of DO the COMPUTE *

Main body o4 COMPUTE a

* NUMREC:-SPECS2C-1); (0 Initialize parameters a
WIDTH: -SPECS2r 01;
VAR 1:-a;
VARZ: -0;

WRITELN(CHR(12),' ':25,CHR(l5),' COMPUTE FIELD ROUTINE '

CHR (14));

PICKOPTION;

IF WOPT-'1') THEN (4Proceed with Compute 0

ERASE (5,0);
d BOTOXYW0,5u;

WRITELN('Select desired option:');
WRITELN(' 1 - Identify field of 1.t variable');
WRXTELN(' 2 - Enter a number (constant)');
SETOPTION COPTi);
WHILE (OPT1<>'1') AND COPTI<>'2') DO

SETOPTION (OPTI);

BOTOXYCO, 10)1 Go St first variable 0
IF (OPTI-'1') THEN

UBEFIELD(OPTI,VARl'

ELEUSENUMCONST (NUPIIW

a', SELECTOPERAND;

IF (OPERANDC'E) THEN (G et second variable 0)
-DBESGIN

lo

*Y0
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4

4WRITELN('Select desired option:');
WRITELN(' 1 - Identify field of ,

'2nd variable');
WRITELN(' 2 - Enter a number');

GETOPTION(OPT2);
WHILE (OPT2<>'1') AND (OPT2<>'2') DO

BETOPTION(OPT2);

GOTOXY(0,10);
IF (OPT2='1') THEN

USEFIELD('2',VAR2)
'3; ELSE

USENUMCONST(NUM2);

END; (a End of Get Second Variable a)

ERASE(5,9);
GOTOXY(0,5);

' WRITELN(CHR(15),' COMPUTATION SELECTED:',CHR(14));

'4 SOTOXY(25,10);

IF (OPERAND<'E') THEN (a Display computation a)

TWOVAR
ELSE

ONEVAR;

GOTOXY(0,18);

WRITELN('Select desired option:');
WRITELN(' I - Proceed with COMPUTE');
WRITELN(' 2 - Skip this COMPUTE');

GETOPTION(OPT);

WHILE (OPT<>'1') AND (OPT<>'2') DO

GETOPTION(OPT);

ERASE (5,16);
IF (OPT-'1') THEN

" DOCOMPUTE;

END; (* End of Proceed with Compute 4)

END; (a End of COMPUTE a)

(aa***aaa********aaa**aa*a**a*aa**aaaae**a****4******4*****

(aSI PSPP:RECODE * (a Include procedure in UNIT *)

_ ******S*a*a**aa**aaa***0*** ******4******* *********)

.( Initialization part of UNIT a)

%'.
'p END.

.1
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PROCEDURE RECODE;

(a This procedure fills the indexed field in the data *)
(a array with user input constants based on a)
(a partitions within that or a different field. a)

TYPE
BUFFER=ARRAY1..MAXRECJ OF REAL;

VAR

FIELD, (a Field recoding is based on a)
I, (0 Iteration counter a)
NUMREC, (4 Number of records in file a)
WIDTH: (a Number of fields in file a)

INTEGER;
BOTTOM, (a Bottom edge of partition a)
TOP, (a Top edge of partition *)
VALUE: (a Recoded value in partition *)

REAL;
NEWFIELD: (a Temporary recoded field a)~BUFFER;
OPTO, (a Menu options C)

OPT1,
OPT2,
OPT3,
EXTREME: (a End point indicator a)

CHAR;
DONE, Ca Completion indicator a)
HIGHEST, C* High end point used C)

LOWEST: (a Low end point used C)

BOOLEAN;

(C Internal Procedures

PROCEDURE DISPLAYINSTRUCTIONS;

BEGIN
WRITELN(CHR(12),' ':25,CHR(15),' RECODE FIELD ROUTINE',

CHR(14));
GOTOXY(0,5);
bRITELN('This routine works by partitioning the data ',

'of a specified field based');
WRITELN('on range(s) between two endpoints. You ',

'have the option of entering');
WRITELN('numeric endpoints or using the values ',

'LOWEST and HIGHEST. Those points');
WRITELN('lindicate the two extremes of the data ',

"field.1,CHR(13));
WRITELN('NOTE: Once started, you can not leave ',

'this routine without using LOWEST');
WRITELN('and HIGHEST at least once. Bee user's ',

'guide for further information.');
BOTOXY(0,20);

I: ' :, , ..:") J ' : , :,". .:- :< ._:* .-- ".,.•, .. ... ...'..... .. .. ...
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WRITELNU'Selc~t desired option:');
WRITELN(' 1 - Proceed with RECODE');
WRITELN(' 2 - Exit RECODE FIELD');
GETOPTION(OPTO);
WHILE (OPT~j<>'1') AND (OPTO<>'2') DO

GETOPTIONWOPTO);
ERASE (5,7);
ERASE (20,3);

END; (0 End o4 DISPLAY INSTRUCTIONS a

PROCEDURE GETFIELD;

GOT Oxy(0, 5)
WRITELN('Enter 4ield to use in recoding: (I

WIDTH,')' ,CHR 13));
RESET(INPUT);
READ (FIELD);

WHILE (IORESULTI14) OR (FIELD<1) OR (FIELD>WIDTH) DO
BEGIN

GOTOXY (1,20);
WRITELN(CHR(15),'WARNING:',CHR(14),' Dad '

'index. Enter an integer between '

'Iland ',WIDTH,CHR(13));
WRITELN(' ':11,'Press any key to continue');
BOTOXY(0,20);
BETOFTION(OPT2);
ERASE (7,16);
GOTOXY (0,7);
RESET (INPUT);
READ (FIELD);

END;

END; (aEnd of GET FIELD a

PROCEDURE GETOPTI;

DEG IN
ERASE (5,3);
BOTOXy(O,5);
WRITELN('GeIoct desired option:');
WRITELN(' 1 - Enter a partition');
WRITELN(' 2 - Exit RECODE FIELD');
GETOPTION (OPTI) I
WHILE (OPTI<>'l') AND (OPTI<>'2') DO

SETOPTION (OPT )1
EXTREME:-' 'i

END;

PROCEDURE GETDOTTOMOPT ION;

DEG IN
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ERASE (5,3);
GOTOXY (0,5);
WRITELN('Set partition bottom edge using:');
WRITELN(' 1 - Numeric endpoint');
WRITELN(' 2 - LOWEST value');
GETDPTIONWOPT2);
WHILE (OPT2.>'l') AND (OPT2<>'2'' DO

GETOPTIONWOPTZ);
* - END;

PROCEDURE GETTDOOTION;

BEGIN
ERASE (5,3);
GDTDXY(0,5);
WRITELN('Set partition top edge using:');
WRITELN(' 1 - Numeric endpoint');
WRITELN(' 2 - HIGHEST value');
GETOPTION(F'T2);
WHILE (0PT2<>'l') AND (OPT2<>'2') DO

SETOPTIONDFPT2);
END;

PROCEDURE NUMERICBOTTOM;

BEGIN
(*61-*)

GO'rOXV(O,10OU
WRITELN('Enter lower endpoint: ',CHRl3H);

4' RESET(INPU1 ;

READ (BOTTOM);

WHILE (IORESULT-14) DO
BEGIN

GOTOXY(1,20);
WRITELN(CHR(15),'WARNING:',CHR(14),' Must '

'be a number.',CHR(13));
4% WRITELN(' 'U11,'Press any key to try again.');

GOTOXY(0,20);
6ETOPTION(OPT3);
ERASE (12,11);
SOTOXYCO, 12);
RESET(CINPUT);
READ (BOTTOM);

END; (aEnd of Bad Bottom *

ERASE C10, 3);

END; (* End of NUMERIC BOTTOM a

PROCEDURE NUMERICTOP;

V. BEGIN
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GOTOxy (0,10);
WRITELNV'Enter upper endpoint:',CHR(13));
RE SE T(INPUT );
READ (TOP);

WHILE (IDRESLJLT=14) OR (TOPCDDTTDM) DO
BEG IN

GOTOXY (1,20);
WRITELN(C-HR(1!5,'JARNING: ',CHR(14),' '

'Must be a number greater than '
BO)TTOM: 6:5, CHR 113));

WRITELN(' ': 11,'Press any key to try again.');
GOTOXY (0,20);
GETOPTJON(OPT3);
ERASE (12, 11);
GOTOXY (0,12);
RESET (INPUT);
READ CTOP);

END; (4 End of Dad Top 4)

ERASE (10,3);

END; (aEnd of NUMERIC TOP 4

CK PROCEDURE GETRECODER;

.1*. BEG IN

WRITELN('Enter value to recode partition with:');
ERASE (6,2);
RESET (INPUT);
READ(VJALUEU;

WHILE (IORESULT=14) DO
DESGIN

WRITE (CHR (26));
GOTDXV(1,20);
WRITELN(CNRC15','WARNING:',CHR(14','Munt be ',

'a number.',CHR(13)8;
WRITELNC' '111,'Press any key to try again.');

* -. GOTOXY(0,20);
GETOPTIDN(DPT3);
ERASE (20,3);
SOTDXYCO,S);
RESET (INPUT);
READ (VALUE);

END; (aEnd of Dad Value 4

END; (aEnd of GET RECODER 4

PROCEDURE VIEWRECODE;

DEG IN
ERASE (5,4);
WRITELN('Partition is:',CHR(13));
WRIT-A' Recode ');
IF (EXTREME='L') OR (EXTREME='D') THEN
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WRITE('LOWEST')
ELSE

~ '.WRITE(BOTTOM:6:4);

WRITE(' to'f
IF CEXTREME='H') OR (EXTRErIE='B') THEN

WRITE('HIGHEST')
ELSE

WRITE (TO': 6:4);
WRITELN2' with ',VALUE:6:4,CHR(13) ,CHF '13));

-~ WRITELN.'Select desired option:'),
WRITELN(' I - Proceed with RECODE');
WRITELN(' 2 - Sb~ip this RECODE');
GETOPTION(O'T3);
WHILE cOFT3>'1') AND (0PT3<>'2') DO

GETO9OTION(0PT3);
ERASE(14, 3);

END; (~End of VIEW RECODE *

PROCEDURE DORECODE;

BEGIN
BOTDXY(0,20);
WRITE('Recoding... )

CASE (EXTREME) OF
'FOR I:=l TO NU.WREC DO

IF (DATA[I,FIELD)>BOTTOM) AND
(DArA1I,FIELD3<=TOP) THEN

NEWFIELD[1I I=VALUE;
'L': FOR I:=I TO NUMREC DO

IF (DATAEI,FIELD)<-TOP) THEN
NEWFIELDE 13:-VALUE;

'H': FOR I:-I TO NUMREC DO
IF (DATAEI,FIELDJ)'OTTOM) THEN

NEWFIELDC 12:=VALUE;
'B': FOR I:-i TO NUMREC DO

NEWFIELDt 12:-VALUE;
'p END; CaEnd of CASE *

ERASE (20, 1);
END; (aEnd o-f DO the RECODE 4)

PROCEDURE MAKESAVEF INAL;

BEGIN
ERASE (5,3);
GOTOXY(0,5);
WRITELN('Solect desired option:');

*WRITELN(' 1 - Save the RECODE');
WRITELN(' 2 - Exit without saving');
SETOPTION (OPT2);

* WHILE (OPT2<>'1') AND (OPT2<>'2') DO
93ETOPTION(OPT2);

IF (OPT2W'11) THEN
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BEG IN
GOTOXY (0,15);
WRITELN('Savirig...
FOR I:=i TO NUMREC DO

DATACI, INDExJ:=NE.FIELDLI);
END;

END; (4 End o4 MAKE SAVE FINAL 4

(4 Main body o4 RECODE 4

BEGIN
NUMREC:aSPECSt[-IJ; CeInitialize parameters
WIDTH: -SPECS2E CU;
DONE: -FALSE;

S. HIGHEST: -FALSE;
LOWEST: -FALSE;

DISPLAVINSTRUCT IONS;

IF COPTO='1') THEN S. et Jield to partition on 4

GETFIELD
A ELSE

DONE: -TRUE;

-% WHILE NOTCDONE) DO (eDo a Recode 4

BEGIN
GET OPT 11

IF (OPT1='1') THEN C4Get partition range 4

BEGIN
GETBOTTOMOPT ION;

IF (0PT2='1') THEN CeNumeric bottom 4

NLJMERICDOTTOM
ELSE

BEGIN CCLOWEST bottom 4

EXTREME:='L';
BOTTOM: --MAX INT;
LOWEST: -TRUE;

END;

GETTOPOPT ION;

IF COPT2-'1') THEN (4Numeric top 4

NUMERI CTOP
ELSE

I. BEGIN (0 HIGHEST top 4

IF (EXTREME-'L') THEN
EXTREME:-' B'

ELSE
EXTREME:-'H';

of TOP: -MAX INT;
H! OHEST: -TRUE;

END;

SOTOXYCO,!); ( eoeYle 4

GETRECODER;

Sn
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80TOXY(0,5); (aDisplay recode a
VIEWRECODE;

* IF (OPT3='1') THENJ

DORE CODE;

ERASE (5,BS;
END

ELSE
IF (HIG3HEST) AND (LOWEST) THEN

DONE: =TRIJE
S. ELSE

BEGIN
GOTOXY (1,20);

p. WRITELN(CHR(15),'WARNING:',CHR(14),
Must re-ference both HIGHEST '

' and LOWEST once each.',CHR(13));
WRITELN( ' :11,'Press any key to '

'continue');
GOTOXY(O,20);
GETOPT ION (OPT2);

ERASE (20, 3);
END;

END; (aEnd o4 Do a Recode C

IF (OPTO< >'2' ) THEN
* MAKESAVEFINAL;

END; (aEnd o4 RECODE a

loll~aa.Ca.~aaaaaa*aaaaaaaa*aa*a~a*aa
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UNIT UC; INTRINSIC CODE 13;

INTERFACE
- USES MAINUNIT;

PROCEDURE HANDLEINVALID(VAR VALUE:REAL:ROW: INTEGER);

PROCEDURE ENTERVALUEUJAR DATA:RAWDATA; VAR SPECS1:HEADERI;
VAR SPECS2:HEADER2; INDEX,FIELD: INTEGER);

PROCEDURE CHANGEVALUE (VAR DATA: RAWDATA; INDEX, WIDTH: INTEGER);

PROCEDURE SUDARECORD (VAF DATA: RAWDATA; VAR SPECS1: HEADER 1;

-VAR SPECS2:HEADER2);

PROCEDURE ADDARECORD CYAR DATA: RAWDATA; VAR SPECS]: HEADER];
VAR SPECS2:*4EADER2);

PROCEDURE CHGARECDRD (VAR DATA: RAWDATA; VAR SPECS1 1HEADERI;
VAR SPECS2:HEADER2);

PROCEDURE SUPArIELD (VAR DATA: RAWDATA: VAR SPECS : HEADERI;
VAR SPECSZ:HEADER2);

*4 ~ IMPLEMENTATION

Ce Main body o4 MUC4

PROCEDURE HANDLE INVALID;

4/ " VAR OPT: CHAR; (4Menu option *

DEG IN
(*$I1-*)

GOTOXY (1,20);
WRITELN(CHRCI5),'WARNING:',CHR(14),' Value must,

'be a number. Press any key to continue');
GOTOXY (0,20);
GETOPTION (OPT) I
ERASE (20, 1);
GOTOXY(33, ROW);
WRITELN(CHR(29));
GOTOXY(33,ROW);
RESET (INPUT);
READ (VALUE);

(**I+*)

END; (0 End of HANDLEINVALID 4

%- PROCEDURE ENTERVALUE;

(4 VAR

ROW: (0 Row on screen
INTEGER;

VALUE: (4Data value as entered *
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REAL;
NAME: (4 Field name

STR ING;

BEG IN

Row: =FIELD+6;
GOTOXYvO,RDw);

% NAME:=SPECS1 (FIELD);

%IF (LENGTH(NAME)>15) THEN CeTruncate names to 41t a
d. %NAME:=CDF'Y NAME, 1,15);

WRI TELN (F IELD: 4, NAME :16, SPECS2(F IELD): 7,

G0T0XY(33,RDW);
RESET(INPUT);
READ CVALULE)

* WHILE (IORESULT=14) DO
HANDLEINVALID (VALLIE,ROW);

- - -. DATAC INDEX,FIELD3: -VALUE;

END; C.End o4 ENTERVALUE 4

PROCEDURE CHANGEVALUE;

VAR
FIELD, (4Field to change 0)

Raw: CaRow~ on screen 4

* INTEGER;
VALUE: (4Data value to be stored 4

REAL;
OPT: CaMenu option a

CHAR;

BEGIN
(0$1-*)

ERASE(19,A);
GOTOXYCO, 19);
WRITELN('Enter 4jeld to change: C1 - ',WIDTH,')');
WRITELN0. CO - Skip change)');
RESET(CINPUT)
READFXELD;

WHILE (IORESULT=14) OR (FIELD<O) OR (FIELD>WIDTH) DO
BEGIN

* .' BOTOXVC,22);
WRITECCHR7),'Bad 4ield number. Press any '

'key to try again ')I
BETOPTION (OPT);
ERASE C21 ,2);
GOTOXY(,21);
RESET (INPUT);
READ (FIELD);

END; (0 End o4 Invalid Index a
IERASE ( 9, 4)

IF CPIELD<>O) THEN (aMake change a
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. .ROW:=FIELD+8;
, OTOXY(33,ROW);

WRITE(' ':23,CHR(15),'<- Enter now valu&',CHR(14));

'J2 BOTOXY(33,ROW);

RESET(INPUT);

READ(VALUE);

- -' WHILE (IORESULT=14) DOHANDLEINVALID(VALUEROW);;

.,°-. DATA[INDEX,FIELDI:=VALUE;GOTOXY(56,ROW);

WRITELN(CHR(29));

~END;
END; REnd o CHANGEVALUE

*PROCEDURE SUBARECORD;

1- This procedure removes one record from a file by e

V i* overwriting it with the last record in the *
(*file and decrementing NUMREC; the Number of 0)

'#(*Records counter stored in SPECS2-13. 0)

".-VLD VAR

". "1I (6 Iteration counter *
DTINDEX, AIDRecord to remove

"-t'-'NUMREC, (0 Number of records -
,'.'-'ZWIDTH: (*Number of fields •-:-::-:INTEGER;

m OPTI, 1*Menu options *

WRTLC"9CHAR;

,( Internal Procedures

PROCEDURE BADINDEX;

. |BEGIN
' " *1"€-*1

JN GOTOXY(1,20);
. WRITELN(CHR(15),'WARNING:-,CHRi14),I Bad index. "

overwEnter an integer between I and it
NUMREC,'.iCHRi13));

SWRITELN( :11'Press any key to try again.');

'- B0T0XY(0,20)1

,' BETOPTION(OPT2)1
ERASEi8, 15);

) eOTOXY(o,e);NUNRENETrINPUT)i
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READ (INDEX);

END; (0 End o4 Bad Index 4

PROCEDURE YIEWRECORD;

".4' BEGIN
GOTOXY (0, 9);
WRITEICHRI15',' RECORD*0 ',INDEX,' ',CHRJ14H;

C,, GDTOXV(0,10);
FOR I:-i TO WIDTH DO (4 Display t1old names 4)

WRITE(SPECSXEIJ:SPECS2tIJ,' '
WRITELN;
FOR 1:=i TO WIDTH DO (Display the record 4

WRITE(DATACINDEX, IJ:SPECS2EIJ:4,' ');
WRITELN;

A END;

PROCEDURE DOREMOVE;

4. BEGIN
* FOR 1:=1 TO WIDTH DO
*'4;f DATAEINDEX, IJ:sDATAtNUMREC, I);

9PECS2E-13J: -NUMREC-l;
END; (aEnd o4 Do Remove 4

(4 Main body o4 SUFARECORD a

BEGIN
(*I-*)

NUMREC:-SPECS~r-i2; (4Initialize parameters a
WIDTH:-SPECS2C 0);

WRITELN(CHR12),' ':240CHR(15),' REMOVE RECORD ROUTINE
CHR (14));

GOTOXV(0,5);
WRITELNU'SeI&ct desired option:');
WRITELNC' 1 - Proceed with REMOVE');
WRITELN(' 2 - Exit REMOVE RECORD');
BETOPTION (OPT!);
WHILE COPT1<>'1') AND (OPT1O>'2') DO

GETOPTION(OPTI);
ERASE (5,3);

IF tOPTI-'1'1) AND (NLIMREC>0) THEN (a Proceed to Remove 4

C BEG IN
BOTOXY (0,5);
WRITELN('Enter index o4 record to be removed:

-(I - ',NUMREC,')');
C WRITELNCHR(7),CHR(13));
4*. RESET(INPUT);

READCINDEX);

WHILE (IORESULTI14) OR (INDEX<1) OR

@12
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(INDEX>NUMREC) DO
BADINDEX;

ERASE(5,4);
VIEWRECORD;

GGTOXY(O,14);
WRITELN('Select desired option:');
WRITELN(' 1 - Proceed with REMOY'E');
WRITELN(' 2 - Cancel the REMOVE')l
GETOFTION(OPT2);
WHILE (OFT2<>'1') AND (OPT2<-'2') DO

GETOPTIONWP72);

IF (OPT2='1') THEN

DOREMOVE;

END; (* End of Proceed to Remove *)
' (*$I *)

END; (c End o4 SUB A RECORD a)

PROCEDURE ADDARECORD;

.- " ************** *aaa***a***************************************

-I.,.. (. *

( This procedure adds one record to a file at the
%" (a end, if there is room, and updates NUMREC; a)

(a the Number of Records counter stored in a)
la~ ( SPECS2[-I]. a)

4-. (a *)

VAR
INDEX, (a Iteration counter
NUMREC, (* Number of records a)
ROOM, (* Available room 0)
ROW, (* Row on screen a)

% WIDTH: (a Number of fields a)
- INTEGER;

VALUE: 4' Value input by user a)
REAL;

OPTI, (a Menu options *)

. OPT2:
CHAR;

DONE: (a Completion indicator a)
.A BOOLEAN;

(a Internal Procedures a)

PROCEDURE INPUTRECORD;

BEGIN
JNUMREC:-NUMREC+l;

BOTOXY(5,5);

WRITELN(CHR(15), RECORD * ,NUMREC,' ,CHR(14));

WRITELN;

* V..12 2
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WRITELN(' FIELD','NAME':14,'MAX WIDTH':11,'YALUE':7);

WRI E N - - - -v- - - : 4 - - - - -

'N FOR INDEX:=l TO WIDTH DO
- ENTERVALUE (DATA,SPECSX,SPECSZ,NUMREC, INDEX);

SPECS2 -ij: =NUMREC;
END; (.End of INPUT the RECORD a

PROCEDURE MAKECORRECT;

BEGIN
GOTOXY(0,20);
WRITELN('Select desired option:');
WRITELN(' 1 - Change a vaILI''U
WRITELN(' 2 - Exit ADD RECORD');
GETOPTlON(OPTI);
WHILE (OPT1<>'1') AND (OPTI<>'2') DO

BETOPTION(OPT 1);
ERASE (20, 3);

IF (OPT1-'1') THEN
CHANGEVALUE (DATA,NUMREC, WIDTH)

ELSE
DONE: =TRUE;

END; (aEnd of MAKE CORRECTions a

(a Main body of ADDARECORD 4

BEGIN
NUMREC:-SPECSZE-l); (aInitialize parameters a
WIDTH: -SPECS2EO);
ROOM: -MAXREC-NUMREC;
DONE: -FALSE;

is. WRITELNCCHR(12),' ':26,CHR(15),' ADD RECORD ROUTINE'

GOTOXY(Q,5);(4)

IF (ROOMO0) THEN ('No room to add record a
BEGIN

SOTOXY (1,21);
WRITELN(CHR(15),'WARNING:',CHRC14),' The file'

it full; no more records can be added.');
WRITELN(' ':11,'Press any key to continue');
BOToxy (0,21);
BETOPTIONWOPTI);

END
ELSE

BEGIN (aRoom available to add *
WRITELN('Select desirud option:');
WRITELN( 1 - Proceed with ADD');

k ', bITELN(' 2 - Exit ADD RECORD');

4 BETOPTJONWOPTI);
WHAILE (OPTIO'l') AND (OPT1<>'2 ) DO

SETOPTION (OPTI);
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ERASE(5,3);

IF (OPT1='I') THEN
INPUTRECORD

ELSE
DONE:=TRUE;

WHILE NOT(DONE) DO
MAKECORRE:T;

END; (0 End of Room Available 4)

END; (4 End of ADD A RECORD 4)

PROCEDURE CHGARECORD;

This procedure changes the contents of one record 4)

(4 in the data file by overwriting the old 4)
(4 contents with user inputs. 4)

VAR
I, (4 Iteration counter 4)
INDEX, (4 Record being changed 4)
NUMREC, (4 Number of records 4)

ROW, (4 Row on screen 4)

WIDTH: (4 Number of fields 4)

INTEGER;
VALUE: (4 Value as input by user 4)

REAL;
OPTi, (4 Menu options 4)

OPT2:
CHAR;

NAME: (0 Field name
STRING;

DONE: (4 Completion indicator 4)

BOOLEAN;

(4 Internal Procedures 4)
(4444444n4444444*44c.444****4*4ee.444444444**44444444444444444444444)

PROCEDURE BADRECORDINDEX;

BEGIN
(451-.)

BOTOXY(1,20);
WRITELN(CHR(15),'WARNING:',CHR(14),

' bad index. Enter an integer ',

'between 1 and ',NUMREC,CHR(13));
WRITELN(' ':11,'Press any key to try again');
SOTOXY(0,20);
SETOPTION(OPT2);
ERASE(8,15);
SOTOXY(0,9)1
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* ~RSE(INPU)

I- ND; (0End of DAD RECORD INE ',NE,')CR(4)

GOTOXY CC,7);
WRITELN(' FIELD','NAME':14,'MAX WIDTH':11,'YALUE':7);

WR TLl - - - - - -- ; 1 1-- - : )

% FOR 1:=: TO WIDTH DO
DESGIN

NAME: -SPECS t I;
IF (LENGTH(NAME)>15) THEN

NAME:aCOPV(NAME, 1,15);
WRITELNI1:4,NAME: 16,SPECSZC I):7,' ':7,

DATACINDEX, 12:6:4);
END;

END; (4End 04 SHOW CURRENT data 0

PROCEDURE CHANGEF IELDS;

BEGIN
GOTOXY (0,20);
WRITELN('Select desired option:');
WRITELN(' 1 - Change a value');
WRITELN(' 2 - Exit CHANGE RECORD');
SETOPT ION OPTZU;
WHILE (OPT2<>'1') AND (OPTZ<>'2') DO

SETOPTION(OPT2);
ERASE C20, 3);

IF (OPT2='1') THEN
Nb CHANGEVALUE (DATA, INDEX,WIDTH)

ELSE
DONE: -TRUE;

END; (0 End of CHANGE the FIELDS 0

(% Main body of CHGARECORD 0

BEGIN
(*$I-*)

6 NUMREC:-SPECS2L-1J; C.Initialize parameters '
WIDTH: -SPECS2EQJ;
DONE: -FALSE;

WRXTELN(CHR(12),' ':24,CHR(15),' CHANGE RECORD ROUTINE ',

CHR (14))i
SOTOXY(O,5);
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WRITELN('Select desired option:');
WRITELN(' 1 - Proceed with CHANGE');
WRTELN(' 2 - Exit CHANGE RECORD');
GETOPTION(OTI);
WHILE (OPTI<>'') AND (OPTl<>'2') DO

GETOPT ION (OPT I);
ERASE(5,3);

IF (OPTI-'I') AND (NUMREC>O) THEN C' Proceed to change *)
BEGIN

SOTOXY (0, 5);
WRITELN('Enter record to change: (I - ',NUMREC,')');

WRITELN(' (0 = Skip change)');
WRITELN;
RESET (INPUT);
READ (INDEX);

WHILE (IORESULTr14) OR (INDEX<O) OR (INDEX>NUMREC) DO
BADRECORDINDEX;

IF (INDEX<>O) THEN (4 Do the changes *)
BEGIN

SHOWCURRENT;

WHILE NOT(DONE) DO

CHANGEFIELDS;

.. END;

END; (* End of Proceed to Change *)

P,%', END; (a End of CHO A RECORD 4)

, -' (*SI PSPP:SUBAFLD 4) ( include procedure in UNIT 4)

.- _(4 Initialization part of UNIT a)

END.
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PROCEDURE SUBAFIELD;

-£i(4 This procedure removes a field or variable from a Cl
(* file by overwriting it with the last field in a)

(4 the file and decrementing WIDTH; the Number c)
(0 of Fields counter stored in SPECS2[O].

VAR
"q"I, (a Iteration counter a)

INDEX, (a Field to remove 4)
NUMFPC, ( Number of records )
WIDTH: (* Number of fields c)

INTEGER;
OPTI, (a Menu options a)
OPT2:

CHAR;

(a Internal Procedures a)

,', PROCEDURE BADINDEX;

BEGIN

GOTOXY(1,22);
WRITE(CHR(15),'WARNING:',CHR(14),' Bad field number.',

Press any key to try again.');
GOTOXY (0, 22);

GETOPTION(OPT2);
ERASE(20,3);
GOTOXY(0,20);

RESET(INPUT);
READ(INDEX);

. i :.(*I+*)

END; (* End of BAD INDEX a)

PROCEDURE DOREMOVAL;

BEGIN
FOR 1:-1 TO NUMREC DO

DATAtI,INDEX]:-DATACI,WIDTH];
SPECSICINDEX2:-SPECSI[WIDTH];
SPECS2[INDEXJ:-SPECS2LWIDTHI;

SPECS2[02:-WIDTH-I;
END; (a End of DO REMOVAL *)

(a Main body of SUDAFIELD 0

DEGIN

12?
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NUMREC:-SPECS2-1); (tInitialize parameters)
WID)TH: =SFECEOJ0;

WRITELN(CHP(12),' ':25,CHRRUS,' REMOVE FIELD ROUTINE '

CHP (14));
% GOTOXV (0,5);

WRITELN('Select desired option:');
WRITELN(' I - Proceed with REM0OYP'):
WRITELN(' 2 - Exit REMOVE FIELD');
GETOPT ION (OPT 1);
WHILE (OPT1O '1') AND (DPTXO'12') DO

SETOPT ION (OPT l);
ERASE (5,3);

IF (OPT1='1') AND (WIDTH>0) THEN (4Proceed to Remove *

BEGIN
G070XYO,t);
WRITELN(' * ',CHR(15).' FIELDS IN FILE ',CHF(14));
WRITELN ( '--------------

FOR INDEX:=1 TO WIDTH DO
~~1~ WRITELN(INDEX:2,' ',SPECSItINDEY3);

GOTOXNU0, 18);
WRITELN('Enter hield to be removed: (1I

WIDTH,' )' );
WRITELN(' (0 =Skip removal)');

RESET (INPUT);
READ (INDEX);

% ~WHILE (IORESULTI14) OR (INDEXCO) OR (INDEX>WIDTH) DO
DADINDEX;

ERASE (18,5);

IF (INDEX<>0) THEN
DOREMOYAL;

END; (* End oi Proceed to Remove *

IF (SPECS2tO)=0) THEN
BEGIN

GOTOXY (1,22);
WRITELN(CHR(15),'WARNING:',CHR(14),' File is'

'now empty. Press any key to continue.');
GOTOXY (0,22);

F GETOPTION(OPT2);
END;

'@2 END; (0 End o4 SUB A FIELD e

128



UNIT MU-D; INTRINSIC CODE 14;

I NTERFACE
USES TRANSCEND, MAINUNIT, MUDg MUC;

PROCEDURE DISPLAYSPECS(VAR SPECSl :HEADERI;VAR SPECS2:HEADER2);

PROCEDURE GETFLDWIDTH(VAR SPECS2:HEADER2;VAR INDEX,RDkJ,

COLE: INTEGER);

PROCEDURE GETFLDNAME (VAR SPECSl:HEADERI ;VAR SPECS2:HEADER2;
INDEX,RDW: INTEGER);

PROCEDURE ADDAFIELD (VAR DATA: RAWDATA; VAR SPECSI:HEADERI;
VAR SPECS2:b-EADER2);

PROCEDURE CHEAP IELD CYAR DATA: RAWDATA; VAR SPECS : HEADERI;
VAR SPECS2:HEADER2U;

PROCEDURE FILLRIELD(VAR DATA:RAWDATA; VAR SPECS1:HEADERl;
VAR SPECS2:HEADER2; INDEX: INTEGER);

PROCELURE MODIPILE(VAR DATA:RAWDATA; VAR SPECSl:HEADERI;
VAR SPECS2:HEADER2);

PROCEDURE USERINPUT (VAR DATA: RAWDATA; VAR SPECSlI:HEADER:;
VAR SPECS2: HEADER2; INDEX: INTEGER);

IMPLEMENTATION

(a Main body of MLU.D

PROCEDURE DI SPLAYSPECS;

VAR
I, (4 Iteration counter a

WIDTH: (aNumber o-f fields 4

INTEGER;

BEGIN
WIDTH: =SPECS2EOJ;
SOTOXY(O,7);
FOR 1:-i TO WIDTH DO

WRITELNU1:7,SPECS2 12: 12,' ':7,SPECSXCIJ,CHR(29));
END; (aEnd of DISPLAY SPECS 4

PROCEDURE SETFLDWIDTH;

6OTOXY(&Q,5);
WRITE(CHRC15 ,COLS:3,CHRCI4));
SOTOXv(7&,5);
WRI TE (CHR(15) (90-COLS) :3, CHR(C14));

129



GOTDXY(16,ROW);
WRITELN(CHR~(29));
6DTDXY(1B,RDW);

RESET(INPLIT);
* .READ(SPECS2[INDEX3);

WHILE (IORESULT=14) OR (SFPECS21INDEX32'8) OR
CSPECS2c:INDEX3>15) OR (CDLS+SPECS21INDEX3>C) DO

BEG IN
60T0XY(16,RDW);
WRITELNCHR7),HR(29));

GOTOXY56,ROW); (.Error Messages 4

IF (SPECS2[INDEXJ<G) THEN
WRITE(CHR(IS),'Must be at least B',CHR(14));

IF (SFECS2EINDEXI>15) OR (COLS+SPECS2tINDEYJ>80) THEN
BEG IN

IF (SPECS2[UNDEX32NI5) AND
Y (CDLS+SPECS2E INDEX 2>60) THEN

BEGIN
IF (80-COLS<15) THEN

WRITE(CHR(15),'Must be no more
'than ',80-COLS,CHR(14))

ELSE
WRITE(CHR(15),'Must be no more

'than 15',CHR(14))
END

EL SE
BEGIN

IF (SPECS2rINDEX3)15) THEN
WRITE (CHR(15),'Must be no more '

'than 15',CHRL14))
ELSE

WRITE(CHR(15),'Must be no more '

'than '90O-COLS,CHR(14))
END

END; (CEnd of Error Messages 4

60TOXY(18,ROW);
RESET(CINPUT);
READ(SPECS2E INDEX));

END; (0 End of Bad Width 4

COLS: -COLS+SPECS2C INDEX 2;
BOTOXY (60,5);
WRITE CCHRC15),COLS:3,CHR(14));
BOTOXY(76,5);
WRITE(CHR(15),(9O-COLS):Z,CHR(14));

(*$I+*)
END; (aEnd of GET FIELD WIDTH4C

PROCEDULRE GETFLDNAME;

BEG IN
(CS61-*)

GOTOXY (26, ROW>;
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WRITE(CHR'29));
RESET(INPUT);
READ N(SPECSIrINDEX3);

IF (LENGTH(SPECSI[INDEX])>SPECS2[INDEx)) THEN

WHILE (LENGTH(SPECSIHINDEX])>SPECSCINDEX]) AND
(POS(' ',SPECSI[INDEX3)=) DO

DELETE(SPECSIINDEXI,1,1);

IF (LENGTH(SPECSICINDEX))>SPECS2[INDEX]) THEN

SPECSI[INDEX):=CDPY(SPECSI[INDEX,I,SPECSE[INDEx));

END; (0 End of GET FIELD NAME 4)

PROCEDURE ADDAFIELD;

(4 This procedure adds a field or variable to a data 4)

(4 file, if there is room, which is then filled 4)

.. (4 with either computed values or user input 4)

(* values. The Number of Fields counter, WIDTH, 4)

"- (s which is stored in SPECS2EO], is updated. 4)

VAR

COLS, (4 Number of columns in record 4)

I, (4 Iteration counter 4)

INDEX, (4 Field added to data array 4)

NUMREC, (4 Number of records 4)

ROOM, (4 Number of free fields 4)

ROW, (* Row on screen 4)

WIDTH: (* Number of fields 4)

INTEGER;

OPTI, (4 Menu options 4)

OPT2:
CHAR;

DONE: (* Completion indicator 4)

BOOLEAN;

mmj(4 Internal Procedures 4)

•. PROCEDURE DEFINEFIELD;

DESGIN
WIDTH:-SPECS2[03;

COLS:-O;
FOR 1:-1 TO WIDTH DO

COLS:-COLS+SPECS2[I3;

SOTOXY(0,5);
WRITELN(CHR(15),'FIELD NUMBER','WIDTH':9,'NAME':8,

CHR(14));

SOTOXY(50,5);
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'TIN

WRITELN(CHP1IZ,'COLS USED:',COLS:3,' COLS LEFT:',

DISPLAYSPECS (SPECSl ,SPECS2);

GOTOXY (0,19);
WRITELN('Now enter width and name for the '

'added field. The width must be at )

WRITELN('least 8 and no more than~ 15. This '

'includes room for 6 significant digits.');
WRITELN('The name should be no wider than '

4 . 'the field. Firally, remember the');
WRITELN('upper limit of 80 characters '

per record.');

INDEX:=WIDTH+l; (0 New field specs *
ROW: =lNDEX+6;
GOTOXY(O,ROWI;
WRITE(CINDEX: 7);

GETFLDWIDTH(SPECS2, INDEX,ROW,COLS);

GETFLDNAME (SPECS1I,SPECS2, !NDEX,ROW);

ERASE 19,4);
GOTOXY (0,19);
WRITELN('Select desired option:');
WPITELN(' 1 - Change specifications');
WRITELN(' 2 - Proceed with ADD');

'V WRITELN;
GETOPTION(OPTI);
WHILE (OPTI<>'1') AND (OPTI<>'2') DO

BETOPTION(OPTI);
ERASE(C19, 3)

END; C.End of DEFINE the FIELD a

C' Main body of ADDAFIELD a

BEGIN
NUMREC:-SPECS2-13; toInitialize parameters 5

WIDTH: -SPECS2EOJ;
ROOM: -MAXSI ZE-WIDTH;
DONE: -FALSE;

WRITELN(CHRI12),' ':30,CHR(15),' ADD FIELD ROUTINE '

CHR (14));
BOTOXV(O,5);

IF (ROOM=0) THEN (aNo room to add a field 4

BEGIN
BOTOXY (1,21);
WRITELN(CHR15),WARNING:',CHRCI4),' The file'

* 'is full. No more fields can be added.');
WRITELN(' ':11,'Prwss any key to continue');
BOTOXY(0,21);
BETOPTION(OPT1);

END
ELSE

BEGIN (aRoom available to add field 4)
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WRITELN('Select desired option:');

WRITELN(' I - Proceed with ADD');
WRITELN(' 2 - Exit ADD FIELD');
GETOPTION(OPTI);
WHILE (OFT1<>'1') AND (OFTI<>'2') DO

GETOPTION(OPTI);

ERASE(5,3);

IF (OPTI='2') THEN

DONE:=TRUE;

WHILE (OPTI='1') DO
DEFINEFIELD;

IF NOT(DONE) THEN (4 Fill the field 4)

BEGIN

SPECS2[OJ:=INDEX; (a New WIDTH 4)

FOR I:=i TO NUMREC DO
DATA[I,INDEX):=O.O;

FILLFIELDCDATA,SPECS1,SPECS2, INDEX);
END;

END; (4 End of Room Available 4)

END; (4 End of ADD A FIELD 4)

-. PROCEDURE CHGAFIELD;

**(***44e*44*4444.eeaaeee*e****4aee**ee*******a***************e***

'" (4 This procedure changes both the specifications for 4)

- (4 and contents of one data field. A check is *)
(4 made to keep each record under 81 columns. 4)

VAR
COLS, (4 Number of columns per record 4)

"-1, (4 Iteration counter 4)

INDEX, (4 Field to be changed 4)

.* . NUMREC, (4 Number of records in file 4)

ROW, (4 Row on screen 4)

WIDTH: (* Number of fields in file 4)

INTEGER;
OPTI,
OPT2, (4 Menu options 4)

OPT3:
CHAR;

DONE: (* Completion indicator 4)

BOOLEAN;

-0" ********************44***************4**444*4*4**********4*****)

-ft-.. (4 Internal procedures 4)

PROCEDURE PICKOPTION;

BEGIN
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WRITELNCHR12),' ':25,CHR15),' CHANGE FIELD ROUTINE '

CHR(14));
GOTOXY (0,5);
WRITELN('This routine will allow you to chance the '

'contents oi a currently de'fined and');
WRIIELN('full field in the data array. Once started '

'that field may become contaminated.');
GOTOXY(0, 10);
WRITELN('Select desired option:');
WRITELN&' I - Proceed with CH-ANGE');

-,WRITELNt' 2 - Exit CHANGE FIELD');
END;

PROCEDURE CHECKSPECS;

BEGIN
WRITELNCHROZ2,' ':25,CHR(15),' CURRENT FIE-D '

'SPECIFICATIONS ',CHRU14));
GOTOXY (0,!);
WRITELN(CHRIS5),'FIELD NUMBER','WIDTH':9,

'NAME' :9,CHF(14));

P SOTOXV(50,5);
WRITELN(CHRUS5),'COLS USED:',COLS:3,' COLS LEFT:',

DISPLAYSPECS(SPECS1, SPECS2);

SOTOXY(0, 19);
WRITELN('Select desired option:');

A.WRITELN(' 1 - Proceed with CHANGE');

EN;WRITELN(' 2 - Exit CHANGE FIELD');
(ND End ofCHECK SPECificationS C

PROCEDURE PAKECHANGE;

4' DESGIN
C. ERASE (19,5);

GOTOXY (0,20);
WRITELN('Now enter new WIDTH and NAME for FIELD N '

INDEX);
ROW: =19;
COLS: -COLS-BPECS2C INDEX);

rGETFLDWIDTH(SPECS2, INDEX,ROW,COLS)I

SETFLDNAME (SPECS1, BPECS2, XNDEX,R0W);

DISPLAYSPECS(SPECS1, 9PECS2);

91 ERASE(18,5);
SOTOXY (0,19);
WRlTELNC'6elect desired option');
WRITELN(' 1 - Change specifications of field

WRITELN(' 2 - Proceed with CHANGE FIELD');
UETOPTION(OPT3);
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WHILE (OFT3<>'1') AND (OPT3<>'2') DO
GETOPTION(OPT3);

ERASE(19,3);
IF (OPT3='2') THEN

DONE: =TRUE;
END; aEnd o4 MAKE CHANGE a

(a Main body o4 CHGAFIELD C

BEG IN
(*$I-*)

NUMREC:-SPECS2[-13; (aInitialize parameters a
WIDTH: =SPECS2[03;

DONE: -FALSE;
COLS: =0;

PICKOP7ION;

GETOPTION (OPT1);
WHILE (OPTI<>'l') AND (OPT1<>'2') DO

GETOPTION(O'TI);
ERASE S, 8);

IF (OPT1-'1') THEN (aDo a Chan~ge a
BEGIN

FOR 1:-i TO WIDTH DO
COLS: =COLS+SPECS2[1I ;

CHECKSPECS;

BETOPTION(OPT2);
WHILE (OPT2<>'1') AND (OPT2<>'2') DO

BETOPTION(OPT2);
ERASE (18,5);

IF (OPT2='1') THEN (aAccomplish change a
BEGIN

GOTOXY(0,20);
WRITELN('Erter 4ield to be changed:

'(I to ',WIDTH,')');
* WRITELN(' (0 - Sk~ip change)');

RESET(INPIT);
READ(INDEX);

WHILE (IORESLLT-14) OR (INDEX<1) OR
(INDEX>WIDTH) DO

'a. BEGIN
GOTOXY (1,22);
WRITE(CHR(15), 'WARNING: ',CHR(14),

0 Bad 4i~ld number. '

'Press any key to try '

'again. *) 5
SOTOXY(O,22);
BETOPTION(OPT3);
ERASE (22,1);

% ERASE(18,2) I
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SOTOXY(6, 18)
% RESET (INPUT);

READ(INDEX;

END; (a End of Bad Index a)

WHILE NDT(DDNE) DO
MAKECHANGE;

FILLFIELD(DATA,SPECS1,SPECS2, INDEX);

END; (o End of Accomplish Change a)

END; (a End of Do a Change *)

END; End of CHG A FIELD *)

PROCEDURE FILLFIELD;

(a This procedure displays the menu of the options a)

(a available for filling the specified field a)
-(0 in procedures ADDAFIELD and CHGAFIELD. It a)

(4 then calls the appropriate procedure. a)
,, -' (aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa)

VAR
I, (a Iteration counter a)

NUMREC: (a Number of records a)

INTEGER;
OPT: (a Menu option a)

CHAR;
DONE: (a Completion indicator a)

BOOLEAN;

(4 Internal Procedure a)

PROCEDURE DEFINEOPTS;

VAR OPT: CHAR; (* End of display indicator a)

BEGIN
WRITELN(CHR(12),' ':26,CHR(15),' FILL FIELD OPTIONS '

CHR (14));
BOTOXY(0,5);
WRITELN('Option');

WRITELN( -------'-

WRITELN(' 1 - Fills specified field with user ',

-selected constants; based');
_RITELN(' on partition(s) within that or a "

'diferent field.',CHR(13));
IIRITELN(' 2 -Computes and stores in the specified ',

'field the results of one or more');
WRITELN(' arithmetic operations on one or more ',

'. . 'f,"~ields.' ,CHR(13));
.RITELN(' 3 - Accepts data as input by the user at ',
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'the keyboard; one record at a time.',CHR(13));
WRITELN(' 4 -Display these definitions',CHR(13));
WRITELN(' 5 - Exit FILL FIELD routine');
GOTOXY (22,22);
WRITE('Press any key to continue '

GETOPTION(OPTU;
END; aEnd of DEFINE OPTS *

(e Main body of FILLFIELD

BEGIN
(aIR MUD B)C Retain UNIT in memory *

DONE: =FALSE;
NUMREC: -SPECS2t -12;

WHILE NOT(DONE) DO
BEGIN

A, WRITELN(CHR(12),' ':26,C-RdlS),' FILL FIELD'

4%'ROUTINE ',CHR(14));
GOTDXY(0,5);
WRITELN('Select desired option:' ,CHR(13));
WRITELN(' 1 - Recode');
WRITELN(' 2 - Compute');
WRITELN(' 3 - User input');
WRITELN(' 4 - Define above options');
WRITELN(' 5- Exit FILL FIELD');
GETOPTION(OPT8;
WHILE (OPT<'1') AND (OPT>'5') DO

GETOPTION(OPTfl

CASE (OPT) OF
'1': RECODE(DATA,SPECSI,SPECS2,INDEX);
'2': COMPUTE(DATA,SPECSI,SPECS2, INDEX);
'3': USERINPUT(DATA,SPECS1,SPECS2, INDEX);

a' '4': DEFINEOPTS;
'5': FOR 1:-i TO NUMREC DO

IF (DATACU,INDEXJ<>0.0) THEN
DONE: -TRUE;

END; CaEnd of CASE 4

4 IF 4DPT-'5') AND NDTCDONE) THEN

'N BEGIN
GOTOXY (0,19);

Field is currently all zero~~s' );
WRITELN;
WRITELN(' ':11,'Select desired option:');
WRITELN(' ':11,' 1 - Go back and '

'fill field');
WRITE(' ':ii,' 2 - Leave field '

'all zero's ');

SETOPTION tORT);
WHILE COPTO'l1') AND COPT<>'2') DO

GETOPTION (OPT) I

IF (OPT-'2') THEN
DONE: -TRUE;

END; C End of error exit attempt *
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END; (0 End of WHILE loop a)

END; (a End of FILLFIELD a)

(*I PSPP:MODIFILE a) (a Include procedure in UNIT a)

(a$I PSPP:USERINPUT a) (a Include procedure In UNIT a)

(* Initialization part of UNIT a)
(a*aaaaaa*aeaaaa*.eaa*aaa*aa*a*a*a**a*aaa**aa******a*a**)

END.
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PROCEDURE MODIFILE;

(a This procedure needs as input: 4)

(a DATA - Array of raw data to be modified a)

(a SPECS1 - Array of field or variable names a)
(a SPECS2 - Array of field w3dths

(- This procedure returns as output the above arrays )
(a after modification. Changes include addition, 4)

'.(4 removal, and modification of both records and 4)

fields.)

VAR
DONE: (a Completion indicator 4)

BOOLEAN;
OPT: (a Menu option 4)

CHAR;

(aaa*aaaa***aaa*a**aaa**aaa*a*aaaaaaa*aaaa*aa*aaaaaaa*aa***a**aaa*)

(a Internal Procedures a)

PROCEDURE DISPLAYWARNING;

BEGIN
WRITELN(CHR(12),' ':25,CHR(IS),' MODIFY DATA ROUTINE ',

CHR(14));
SOTOXY(O 5);
WRITELN(CHR(15),' WARNING:',CHR(14),' You should ',

save all data changes as soon as');

WRITELN(' possible or risk losing them.');
GOTOXY(0,10);
WRITELN(' NOTE: If you save the modified data ',

'using the same name as before,');
WRITELN(' you will overwrite the ',

'unmodified data.');
GOTOXY(22,22);
WRITE('Press any key to continue ');
GETOPTION(OPT);

END; (a End of DISPLAYWARNING a)

PROCEDURE DISPLAYMENU;

BEGIN
WRITELN(CHR(12),' ':25,CHR(15),' MODIFY DATA ROUTINE '

CHR(14));
BOTOXY(0,5);
WRITELN(USeIect desired option:');

WRITELN(' 1 - Add a record');
WRITELN(' 2 - Delete a record');
WRITELN(' 3 - Add a field');

SeWRITELN(" 4 - Delete a field');
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WFITELN(' 5 - Change a record');
WRITELN(U 6 - Change a h2eld');
WRITELN(' 7 - Exit MODIFY DCT4 routine');

GETOPTIONOFT);
WHILE (OFT<'1') OR (OPT>'7') DO

GETOPTION(OPT);

CASE 'OPT) OF
'I': ADDARECORDDTA,SPECS,S'ECST);
'2': SUBARECORD(DATA,SPECS,SPECS2);
'3': ADDAFIELD(DATA,SPECSI,SPECS:);
'4 : SUBAFIELD(DATA,SPECSI,SPECSr);
5': CHGARECORD(DATA,SPECSI,SPECS2);

'6': CHGAFIELD(DATA,SPECSI,SPEC521;
'7': DONE:=TRUE;

<C END; (aEnd of CASE *
-~ END; (End oh DISPLAY MENU'

(4 Main body oh MODIFILE

BEG IN
DONE: -FALSE;
WHILE NOT(DONE) DO

DI SPLAYMENU;
DISPLAYWARNING;

END; (aEnd oh MODIfy FILE '
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PROCEDURE USERINPUT;

-(a. ( aa eaa ~a* aaaaaaaaaaaaaaaaaaaaa.)

. This procedure is used to fill a field of the
%'"(a data array; one record at a time. *)

VAR
FIELDWIDTH, (a Max< field width of value a)
_- I, (a Iteration counter a)

NUMREC: (* Number of records in file a)

INTEGER;
VALUE: ( Value as input by user a)~REAL;
OPTI, (a Menu options
OPT2:

CHAR;
NAME: (a Field or variable name a)

STRING;
*(*aa**aaaaaaaa**aaaaa*a**a**********aaa*****aa*********)**

(a Internal Procedures a)

PROCEDURE DISPLAYHEADING;

BEGINiERASE(5,8);
GOTOXY(0,5);
WRITE(CHR(15),' FIELD NAME:',CHR(14),NAME:15);
GOTOXY(38,5);

WRITE(CHR(15),' MAX WIDTH:',CHR(14));
SOTOXY (50,5);

FOR 1:-1 TO FIELDWIDTH DO
• _ WRITE(CHRi15),'X',CHR(14));

WRITELN(' (',FIELDWIDTH,')');
Z '. END;

PROCEDURE TAKEINPUTS;

BEGIN
(aSI-*)

BOTOXY(4,8);
V WRITE(CHR(15),' RECORD:',CHR(14),' 0 ,1:3,

" of 1,NUMREC);
GOTOXY(50,8);

%% RESET(INPUT);

READ(VALUE);

WHILE (IORESULT-14) DO (a Bad Value a)
BEGIN

WRITE(CHR(B),CHR(29));
GOTOXY(1,20);

WRITE(CHR(15),WWARNING:',CHR(14).' Value must .

'be a number. Press any key to continue.')$
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GOTOXY'H0, 20);
GETOPTION(OPT2);
ERASE (20, 1);
GOTOXY(50,8);
RESET(INPJT);
READ(VALUE);

END; (a End o4 Bad Value *)

DATAri,INDEX):rVALUE;
ERASE(8,1);

(*SI *)

END; (a End of TAKE INPUTS o)

(a Main body of USERINPUT

BEGIN
NUMREC:tSPECS2[-1; (0 Initialize parameters 5)

NAME:=SPECSI INDEX];
IF (LENGTH(NAME)>15) THEN (a Truncate to fit )

NAME:=COPY(NAME,1,15);

FIELDWIDTH:=SPEC52CINDEX];

WRITELN(CHR(12),' ':26,CHR(15),' USER INPUT ROUTINE ',

CHR(14));
SOTOXY(0,5);
WRITELN('Any values input that exceed the MAX WIDTH ',

'will mess up the columns in the');
WRITELN('ECHOFILE routine. To prevent, run ''Change ',

--' 'a field'' to expand the field width');
WRITELN('after entering all records, then exit '

'FILLFIELD without changing field contents.');

,0'DXY(0, 10);
WRITELN('Select desired option:');

WRITELN(' I - Proceed with INPUT');
WRITELN(' 2 - Exit USER INPUT');

GETOPTION(OPTI);
WHILE (OPTI<>'1') AND (OPTI<>'2') DO

GETOPTION(OPT1);

IF (OPT1='l') THEN (4 Start inputting *)
BEGIN

DISPLAYHEADING;

FOR I:-i TO NUMREC DO
TAKEINPUTS;

END; ( End of Start Inputting a)

END; Ca End of USER INPUT )

(#eaea*ae*aa*a*a***** aaeaa*a**a*a*a*a*1***4a*****5*******
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UNIT MUE; INTRINSIC CODE 15;

INTERFACE
USES MAINUNIT;

PROCEDURE LOADDATA(VAR DATA:RAWDATA;VAR SPECSI:HEADERI;
VAR SRECS2:HEADEP2);

PROCEDURE SAVEFLE(VAR DATA:RAWDATA;VAR SPECSI:HEADERI;
VAR SPECSZ:HEADERZ);

PROCEDJRE ECHOFILE(VAR DATA:RAWDATA;VAR SPECSI:HEADERl;
VAR SPECS2:HEADER2;PRINTER:BOOLEAN);

IMPLEMENTATION

(4 Main part of MU_E 4)

PROCEDURE LOADDATA;

(4 This procedure requires existence of data files 4)

-. ,(4 saved via the SAVEFILE procedure *)

(a This procedure returns as output: 4)

(4 DATA - Array of raw data as stored on disk
•'-"(4 SPECSI - Array of field names *)

(4 SPECS2 - Array of field widths 4)

"" ( 44** 4** 4 * * 4*4*4**** * 4** ****4* * 4444****** 4* 4* 444* * 4*4** )

VAR
I,, (4 Indexes 4)

NUMREC, (* Number of records in file 4)

WIDTH: (4 Number of fields in file 4)

INTEGER;
FILEID, (4 File name as input by user 4)

FILENAME: (4 File name as stored 4)

STRING[21];

OPTI, (s Menu options 4)

OPT2:
CHAR;

(4 Internal Procedures 4)

O PROCEDURE FILEFOUND;

BEGIN
-OTOXY(0,15);
WRITELN('Loading ',FILEID,'. Please stand by');

READLN(DATAFILE,SPECS2[-13,SPECS2[O]);

143

-_ .'.'.- . . . . . . . . . .", , -' .'-" -. ' , .R . - . "' " - . . - . -- -----•- - . • . ' -. . . . .- .- -- . - . . . - . .. .



NUMREC:-SPECS2t-l 3;
WIDTH: =SPECS2 01;

FOR I:=0 TO WIDTH DO
READLN (DATArILE, SPECSlII3);

FOR I:=1 TO WIDTH DO
READLN (DATAFILE, SPECS2r I j;

FOR I:=1 TO NUMREC DO
FOR J:=I TO WIDTH DO

READLN(DATAFILE,DATA!I,J));

GOTOXY (0, 17);
WRITE('Load complete. Press any key to continue ')

SETOPTION(OFT2);
WRITELN(CH.(12)); (4Clear screen 4

OPT I :=2';
END; (4End oi FILE FOUND 4

PROCEDURE F ILENOTFOUND;

BEGI N
7".SOTOXY (0, 15);

WRITELN('Speciiied file not found',CHR(13));
WRITELN('Select desired option:');
WRITELN(' 1 - Try another load');
WRITELN(' 2 - Exit LOAD Procedure');
GETOPT ION(OPT 1);
WHILE (OPTI<>'1') AND (OPTI<>'2') DO

SETOPTION (OPT1);
ERASE (12,6);
GOTOxV(0, 12);

END; LeEnd of FILE NOT FOUND 4

(4 Main body of LOAD DATA 4

BEGIN

WRITELN(CHR(12),' ':26,CHR(15),' LOAD DATA ROUTINE '

CHR (14));
GOTOXYO0,5);

WRITELN('Select desired option:');
WRITELN(' 1 - Load a data file');
WRITELN(' 2 - Exit LOAD routine');
SETOPTION (OPT! );
WHILE (OPT1O>'1') AND (OPTl<>'2') DO

SETOPTION(OPT1);

WHILE (OPTI-'1') DO (4Attempt a load 4

DESGIN
* GOTOXY (0,10);

WRITELN('Enter desired -file name: '

'(I to 10 characters)');
GOTOXY (0, 12);
RESET (INPUT);
READLN(FZLEID);
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IF (LENGTH(FILE)D >10) THEN
FILEID:=COFY(FILEID,,IO);

FILENAME:=CONCAT('BLANK:',FILEID,'.TEXT );

RESET(DATAFILE,FILENAME);

IF (IORESULT=O) THEN (a File found
FILEFOUND

ELSE
FILENDTFOUND;

CLOSE(DAIAFILE);

END; (a End of Attempt load *)

END; (4 End of LOADDATA a)

PROCEDURE SAVEFILE;

(a This procedure needs as input:

(a DATA - Array o4-data to be saved a)

(a SPECS) - Array of field names )

(a SPECS2 - Array of field widths

(a This procedure stores the data file on disk a)
(a under the name BLANK:<name>.TEXT a)

VAR

I,-, (0 Indexes a)
NUMREC, (a Number of records in file a)
WIDTH: (a Number of fields in file a)

INTEGER;

FILEID, (a File name as input by user 4)

FILENAME: (a File name as stored a)
STRING[21];

OPT1, (a Menu options a)

OPT2:
CHAR;

(aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa)

(a Internal procedure a)
(aaaaa**aaaaaaaaaaaaaaaaaaa*aaa*aaaaaa*aaaaaaaaaaaaaaaaaaaaaaa*aaeaa)

PROCEDURE BADSAVE;

BEGIN

GOTOXY(Q,15);eRITELN(CHR(7),'Save not possible. Make sure a ',

'properly formatted disk with');

WRITELN('enough space is available in ,

'Drive 02 and the filename is 10 or');
WRITELN('Ilss characters starting with a letter.',

CHR(13));
WRITELN('Select desired option:');
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N'-WR ITELN( I - Try another save');
WRITELN(' 2 - Exit SAVE Procedure');
SETOPTION(OPTD);
WHILE (OPTiC>'!') AND COPTI<>'2') DO

GETOPTINDOPTI);
ERASE (10, 13);

END;

(a Main body o4 SAVEFILE

BEGIN

NUMREC:=SPECS2 C-Il;
WIDTH: =SPECS2C C;

WRITELN(CHRU12),' ':24,CHR(15),' SAVE DATA FILE ROU71NE '

CHR (14));
GOTOXY (0,5);,
WFITELN('Select desired option:');
WRITELNC' 1 - Save a data file');
WRITELN(' 2 - Exit SAVE routine');
SETOPTlON(OPT1);
WHILE (OPTIC>'!') AND (OPTX<>'2') DO

SETOPTION (OPT!);

WHILE (OPT1-'1') DO (4 Attempt a save 4

BEG IN
5OTOXY(0, 10);
WRITELN('Enter desired file name: '

'(1 to 10 characters)');
SOTOXY (0, 12);
RESET(INPUT);
READLN(FILEID);

IF (LENGTH(FILEID)>10) THEN
FILEID:-COPY (FILEID, 1,10);

FILENAME:sCONCPT('BLANK:',FXLEID,'.TEXT')8

REWRITE(DATAFILE,FILENAME);

IF (IORESULT=0) THEN (4File properly opened 4

BEGIN
GOTOxy(0, 15);
WRITELN('Saving ',FILEID,'V.

'Please stand by');
SPECSI E0):-FILEID;

WV' WRITELN(DATAFILE,SPECS2C-1J,' ',9PEC52E03);
FOR I:-0 TO WIDTH DO

WRITELN(DATAFILE,SPECSI El]);
FOR 1:-i TO WIDTH DO

WRITELN (DATAFILE, SPECS2C I );
FOR 1:-l TO NUMPEC DO

FOR J:-i TO WIDTH DO
WRITELN(DATAFILE,DATAtI,3)

IF (IORESULTO0) THEN
DESGIN
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GOTOXY(O,17);
WRITE('Save complete. Press any ',

'key to continue ');

GETOIDTION(OPT2);

WRITELN(CHRu12));
OPTI:='2";

END
ELSE

END 
BADSAVE;

ELSE

4'." BADSAVE;

END; (* End o4 Attempt Save *)
CLOSE(DATAFILE,LOCK);

END; (a End o SAVEFILE *)

- PROCEDURE ECHOFILE;

(a

(a This procedure needs as inpLt: s

( DATA - Array o4 data to be printed

SPECS1 - Array of field names a
(a SPECS2 - Array o4 field widths )
(a PRINTER - Set if printer available )

.- (a This procedure provides an echocheck of data to a)

(~~ screen and printer (if desired) a

VAR
I, (a Iteration counter 4)

FIELDWIDTH, (4 Augmented width used by printer 4)

INDEX, (a Index into various arrays *)
NUMREC, ( Number of records in file a)
WIDTH: (a Number of fields in file 4)

INTEGER;

FIELDS: (a Data fields to be echoed *)
VECTOR;

OPTI, (a Various menu options a)
OPT2,
OPT3:

CHAR;

* (a Internal Procedures 4)

PROCEDURE DISPLAYFIELDS1

BEGIN
GOTOXY(O,7);

FOR 1:-I TO WIDTH DO (a Display selected fields 4)
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GOTOXY(0,17);

WRITE('Save complete. Press any
'key to continue ');

GETOPTION(OPT2);
WRITELN(CHR(12));
OPT1:='2';

END

ELSE
BADSAVE;

END
ELSE

•ADSAVE;

END; (e End of Attempt Save *)

CLC)SE(DATAFILE,LOCK);
(*$I+*)

END; (* End of SAVEFILE *)

PROCEDURE ECHOFILE;

(a This procedure needs as input: a)

[ (. DATA - Array of data to be printed *)
"N. (a SPECS1 - Array of field names

1 (a SPECS2 - Array of field widths a)
(a PRINTER - Set if printer available

(a This procedure provides an echocheck of data to

(- screen and printer (if desired) a)

. ( VAR

I, (4 Iteration counter
FIELDWIDTH, (a Augmented width used by printer *)

INDEX, (C Index into various arrays 0)

- NUMREC, (C Number of records in file a)
% WIDTH: (C Number of fields in file a)

INTEGER;
FIELDS: (a Data fields to be echoed a)

-"" VECTOR;

OPTS, (0 Various menu options C)

OPT2,
OPT3:

CHAR;

'- (aaa aInternal Procedures C)

-w PROCEDURE DISPLAYFIELDS

BEGIN

GOTOXY(O,7);

FOR 7:m1 TO WIDTH DO (a Display selected fields *)

.4
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IF (FIELD-SIIJ=1) THEN (4Set to 1 if selected *
BEGIN

WRITE(CHR (15) ,1:2,'. ',SPECSI [I );
GOTO0X Y (20, 1 +6);
WPITELNC'ON ',CHR;(14));

END
EL SE

BEGIN
WRITE (1:2,'. ' ,SPECS1 tII);
GDTOXY(2C, 1+6);
WRITELN('OFF');

END;

END; (aEnd of DISPLAY FIELDS *

PROCEDURE CHANGEF IELDS;

VAR OPT: CHAP: (4Menu Option a

BEGIN
(*I-*)

GOTDXY(C, 19);
WRITELN('Any changes to above Iistl",CHR(13));
WRITELN(' 1 - Go with list as is');
WRITELN(' 2 - Change(s) required');
GETOFTION (OPT);
WHILE (Ot7T<>'1') AND (OPT'Z>'2') DO

SETOPTION(OPT);

WHILE (OPT='2') DO (aMake changes 4

BEGIN
ERASE(19,4);
GOTOXY (0,19);
WRITELN('Enter field number to change',CHR(13));
RESET (INPUT);
READ(INDEX);

IF (IORESULT=14) OR (lNDEXI) OR
(INDEX>WIDTH) THEN

BEGIN
* GOTOXY (1,22);

WRITELN(CHR(15) ,'WARNING: ',CHR(14',
Bad field designator. Press '

'any key to try again.');
GOTOXY (0,22);

END
ELSE

BEGIN
IF (FIELDSEINDEXJ=1) THEN

FIELDSE INDEX 21=0
ELSE

FXELDStXNDEXJ:=1;
WRITELN('Field ',CHR(15) ,SPECS1EINDEXJ,

Cf4R(14),' changed. Press any '

% ~'key to continue. ');
END;

* .*.GETOPTION(OPT2);
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ERASE (19,4);
DISPLAYFIELDS;

GOTOXYY(0, 19);
WRITELN('Any -hanges to above list"");
WRITELN(' I - Go with list as is');
WRITELN(' 2 - Change(s) required');
GE TOFTION (OPT);
WHILE (OFTO>'l') AND (OPT<>'2') DO

GETOPT ION(OPT);
END; CeEnd 04 WHILE loop 4

END; C'End of CHANGE FIELDS '

PROCEDURE LIMITECHO;

BEGIN
'S ERASE5,6);

GOTOXY (0,!);
WRITELN('Select fields to be echoed: ',CHR(15),

'1-Yes, 2-No) ' ,CHF C14) ,CHR(C13) )

FOR I:=1 TO WIDTH DO C'Get fields '

BEGIN
WRITE(I:2,'. ',SPECSIEIJ,' ';
GETOPTIONCOPTZ);
WH-ILE COPT2'z)'l') AND) COPT2<>'2') DO

GETOPTION(OPT2);
WRITELN;
FIELDSEIJ:=-CORD(OPT2)-50fl C Set to I Or 0 '

END; C'End of Get fields '

ERASE (5,19);
GOTOXY (0,5);
WRITELN('Limited echo check of following fields:');

DISPLAYFIELDS;
CHANGEF JELDS;

ERASECS, 19);

END; C'End of LIMIT ECHO '

PROCEDURE ECHODATA;

BEGIN
FOR INDEX:tI TO NUIMREC DO C'Echo the data *

BEGIN
IF ((INDEX MOD W6)0) THEN C'Page Pause 0

BEGIN
SOTOXY(22,22);
hPITE('Press any key to continue ');

BETOPTION(OPT2)1
ERASE (5,19);
SOTOXY(O,5);

"S. END;
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IF (PRINTER) AND COPT3='2') THEN
WRITE(PTR,INDEX:4,' ':4);

%

FOR I:=1 To WIDTH DO
% ~IF (FIELDS[tIWI) THEN

BEGIN
FIELOWIOTH: =SPECSE I);
WRITE(DATAEINDEX,IJ:FIELDWIDTH:5);-

FIELOWIDTH: =FIELDWIDTH+4;
IF (PRINTER> AND (DFT3='2') THEN

WRITE CPTR,
DATAE INDEX, IJ:FIELDWIDTH:5);

END;
WRITELN;
IF (PRINTER) AND (OFT3='2') THEN

WRZTELN(FTR);
END:

END; (aEnd o4 ECHO DATA *

Main body o4 ECHOFILE a

BEGIN
NUMREC:=SPECS2E-I 3;
WIDTH: -SPECS2L C);

'C WRITELN(CHR(12),' ':26,CHR(15U.' ECHO DATA ROUTINE '

CHR(14));
SOTOXY(O,5);
WRITELN('Do you desire a limited echo check"',CHR(13));

4 WRITELN('Select desired option:');
WRITELN(' 1 - Limited echo check');
WRITELN(' 2 - Complete echo check');
SETOPTION (OPTi);
WHILE (OPTl<>'l') AND COPTl<>'2') DO

6ETOPTION(OPT1);
ERASE (5,5);

IF (OPT1-'1') AND (WIDTH>O) THEN (aLimited echo check 0)
* . LIMITECHO;

IF (OPTl'12') AND (WIDTH>O) THEN (aComplete echo check *
FOR 1:-1 TO WIDTH DO

FIELDSE I : -i;

IF (PRINTER) THEN (aHardcopy desired? a
BEGIN

GOTOXY(O,5);
WRITELN('Do you want a hardcopy'?',CHR(13));
WRITELN('Select desired option:');
WRITELN(' I - Screen only');

@1WRITELNUl 2 - Screen and printer');
SETOPTIOrNaOPT3);
WHILE (OPT3<)'1') AND (OPT3(>'2') DO

9ETOPTION(OPT3);

IF (OPT3-'2') THEN4; WRITELN(PTR,CHRI15)); (aCompressed printing a
ERASE (5,5);
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END;

(aPrint the echo check *

IF (PRINTER) AND (OvT3='2') THEN
BEGIN

WRITELNFPTR, 'ECHDCHECK OF CURRENT DAPILE: ')
WRITE (PTR,CHR(13) ,'INDEX',' ':3);

END;

GDTDXV(O,3);
FOR I:=1 TO WIDTH DO ( Field names a

IF (FIELDS(Z2=l) THEN
BEGIN

WRITE (SPECSlE 3: SPECS2E12);
FIELDWIDTH: =SPECS2E 12+4;
IF (PRINTER) AND (0FT3='2') THEN

WRITE (PTR;,SPECSI 12: FZELDWIDTHU;
END;

WRITELN(CHR(13)); (~Car-rage returns
IF (PRINTER) AND 0DPT3='2') THEN

WRITELN(PTR,CHR(13));

ECHDDATA;

GDTOXY(I&,22);
WRZTE('End of Echo Data. Press any key to continue ');

6ETCPTIDN(ORT2);

IF (PRINTER) AND (OPT3='2') THEN
WRITELN(PTR,CHR(13));

END; (aEnd o4 ECHOFILE a

(4 Initialization part of UNIT a

* / END.

%
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UNIT MU-F; INTRINSIC CODE 16;

INTERFACE
USES TRANSCEND, MAINUNIT;

PROCEDURE ASSIGNV AALES (VAR SPECSI1:HEADERI;VAR SPECS2,
GROUP:HEAE R2;CAT:INTEGER;
VAR FEAS:POOLEAN);

PROCEDURE CALCULATE(VAR X9AR,SDEV: VECTOR; VAR DA7A:RAWODITA;
VAR SPECSJ:HEADER I;VAR GROuP:HEADER2;
NUMRECWIDTH:UINTEGER;PRINTER:BOOLEAN;

IMPLEMENTATION

Main part oE MUAF *

PROCEDURE ASSIGNVARIABLES;

4 '.

(a This procedure allows the usepr to seliect from the 4

variables in SPECSI and assign a GROUP value
(4 to variables desired for analysis based on 4

"CATegory (DCANCOR,2=FACTOR):

(* 0 - Not selected 4

I - Criterion Variable (CANZOR) 4

(4 2 - Predictor Variable (CANCOR) 4

.4. (43 - Manifestation Variable (FACTOR) 4

VAR
I , Iteration counter
INDEX, (" Field index into arrays )

P, Number of Criterions 5
K , (5Number of Predictors 4

N, (4* Number of Manifestations 4

ROW, ( * Row on screen)
WIDTH: (4Number of fields 4

INTEGER;
OPT: (a Menu Options 5

CHAR;
DONE: (aCompletion indicator 4

BOOLE AN;

(4 Internal Procedures 5

PROCEDURE CHECKS I ZE;

BEGIN

S.-
":' '":~ ~ ~ ~ ~ ~ AS (*CAT)r OF=ACR =FCO):.
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BEG IN
DONE: =TRUE;
PEAS: cFALSE;

GOTOXY (1,20);
WRITELN(CHR( 15), 'WARNING:' ,CHR (14),

There must be at least 4 ',

'variables in the data base to '

'run CANCDR.',CHR(13));
WRITE(' ':l1,'Press any key to continue.');

V C GOTOXY (1, 20);
GE TI ION (OF T>
ERASE 2C',3);

END;

2: IF (WIDTH(21) THEN
BEGIN

DONE: =TRUE;
PEAS: =FALSE;

GOTDXY(1,20);
WRITELN(CHR(I5? ,'WARNING:' ,CHR14),

IThere must be at least 2 '

'variables in the data base '

% 'to run FACTOR.',CHR(13));
2-K WRITE(' ':1l,'Press any key to continue.');

G7OTOXY(0,2C8;

G7ETDPTION(OPT);
* A ERASE(20,3);

END;
END; C.End o4 CASE *

END; (a End o4 CHECK 4aeld list SIZE:0

-A PROCEDURE DISPLAYSPECS;

BEG IN
GOTOXY(O,7);
FOR 1:-I TO WIDTH DO

WRITELN(1:7,SPECS2EIJ:12,' ':6,SPECS1EI),CHR(29));
END; (* End o4 DISPLAY SPECS 4

PROCEDURE GETYALIDINDEX;

BEG IN

RESET(CINPUT);
C READ(INDEX);

WHILE (ZORESULT=14) OR CJNDEX<1) OR CXNDEX>WIDTH) DO

BEGIN
BOTOXY (1,21);
WRITELN(CHR(15),'WARNINGI',CHR(14),- Bad '

'index. Must be an integer between ''I and ',WIDTH,'.');
WRITELNC' 1:11,'Press any key to try again');

% 607OXYC0,21);
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GETOPT ION (OFT);
ERASE (20,3);

V GOTOXY(0,20);
RESET (INPUT;
READ(CINDEX C

END;

END; ('End of SET VALID inde 4

PROCEDURE ASSIGNCRITERIDN;

BEGIN
WRITELN('Enter index (1-',WIDTH,') of '

'criterion variable:');
GETYALIDINDEX;
ERASE (16,3);
GROUPI INDEX):=1;

GROUPr-13:=P;
Row: =INDEX46;
GOTOXY (39, ROW);
WRITE (CHR( 15) ,'CRITERION' ,CHRA14));

END; ('End of Assign Criterion a

PROCEDURE ASS I NPRE I CTOR;

BEGIN
WRITELN('Enter index (1-',WIDTH,') of '

predictor variable:');
GETYALIDINDEX;
ERASE (16,3);
GROUPC INDEX]:-2
K:sK+1;
BROUPEO) :=K;
RoWw INDEX,6;
60T0XV(39,ROW);
WRITE (CHR(15),'PREDICTOR', CHR (14));

END; (4End of Assign Predictor 4

PROCEDURE ASSIGNMANIFESTATION;

BEGIN
WRITELN('Enter index (1-',WIDTH,') of '

manifestation variable:');
GETVALIDINDEX;
ERASE (16,3);
GROUPI INDEX2: -3;

BROUPt 02:-N;
Row: -INDEX*&;
BOTDXY(39,ROW);

* WRITE(CHR(15 ,'SELECTED' ,CMR(14));
END; (4End of Assign Manifestation 4
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PROCEDUPE REMOV~EASS IGNMENT;

BEGIN
WRITELN('Enter- index (l-',WIDTH,') of '

.variable to remove:');

BETVALIEINDEX;

IF (GR0DUF[INDEX]>0) AND (GRDLJF'INDEXI(4) THEN
BEG: N

CASE (GROUP[INDEXI) OF
1: BEGIN

P: =F-l;
GRDUPt-lI:=F';

END;
2: BEGIN

K: -K-I;
GROUFEt3:=K

END;
.'-.~3: BEGIN

N:=N-1;
GROUPrOI :=

END;
END; (aEnd of Reduce CASE a

ROW: =INDEX+6;
GOTOXY(39,ROW);
WRITE(' ':20);
GROUP IINDEX): =0;

END
ELSE

BEGIN
WRITE(CHR(7),'Sorry. That variable isn't '

'%elected. Press any key to continue ');

GETOPTIONCOPT);
ERASE (19,5);

END;
END; (aEnd of Remove Assignment a

PROCEDURE ATTEMPTEXIT;

BEG IN
CASE (CAT) OF

1: IF (P<2) OR (K<2) THEN
BEGIN

WRITELNC' ',CHR(15),'WARNING:',
CHR(14),' Must have at '

'least 2 variables of each '

'type. ',CHR(13));
* WRITELN(' ':11,'Press any key '

'to continue');
BOTOXY(O, 19);
SETOPT iON (OPT);
ERASE (19,5);

END
ELSE

DaNE: -TRUE;
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2: IF (N<2) THEN
BEGIN

WRITELN(' ',CHF(15),'WARNING:',
CHR(14),' Must select at '

'least 2 manifestation ',
'variables.',CHR(l3));

WRITELN(" ':11,'Press any key ',

'to continue');
GOTOXY(O, 19);
GETOPTION(OFT);

ERASE(IB,5);
END

ELSE
DONE:=TRUE;

END; (* End of CASE *)
END; (a End o# ATTEMPT EXIT a)

PROCEDURE GETCHOICE;

BEGIN
GOTOXY(O,1);
WRITELN('Select desired option:');

"'-' CASE (CAT) OF (a Display choices C)

I BEGIN
WRITELN(' I - Assign as Criterion');

WRITELN(' 2 - Assign as Predictor');
WRITELN(' 3 - Remove assignment');
WRITELN(' 4 - Exit ASSIGN VARIABLES');

END;
2: BEGIN

WRITELN(' I - Assign as Manifestation');
WRITELN(' 2 - Remove assignment');
WRITELN(' 3 - Exit ASSIGN VARIABLES');

END;
END; C' End of Display Choice CASE C)

GETOPTION(OPT);

CASE (CAT) OF (C Accept choice C)

1: WHILE (OPT<'1') AND (OPT>'4') DO

GETOPTION(OPT);
2: WHILE (OPT<'1') AND (OPT>'3') DO

GETOPTION(OPT);
END; (* End of Accept Choice CASE 0)

CASE (CAT) OF (a Change for correct *)

1: IF (OPT>'2') THEN

OPT:=CHR(ORD(OPT)+I);
2: OPT:-CHR(ORD(OPT)2);

*il END; C* End of Change for correct procedure call C)

ERASE(16,5);
GOTOXY(0,19);

END; C' End of GET assignment CHOICE a)
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(- Main body o4 ASSIGN VARIABLES 4)

BEGIN

WIDTH:=SPEtS2[O); (4 Initialize parameters )
DONE:=FALSE;
FEAS:=TRUE;

P: =0;
K: =0:

-8 N: =0;

CHECKSIZE; (4 Check size constraint 4)

IF (FEAS) THEN Ce Continue i4 Feasible 4)

BEGIN
FOR I:=l TO WIDTH DO

GROUP[I :=0;

GOTOXY(0,5);
WRITELN(CHR,15),'FIELD NUMBER'7'WIDTH':9,'NAME':B,

10,'GROUP ',CHR(14)

DISPLAYSPECS;

WHILE NOT(DONE) DO

BEGIN (4 Make assignments a)
GETCHOICE;

CASE (OPT) OF
'I: ASSIGNCRITERION;

'2': ASSIGNPREDICTOR;
'3': ASSIGNMANIFESTATION;

'4': REMOVEASSIGNMENT;
'5': ATTEMPTEXIT;

END; (4 End of CASE *)

END; (4 End of Make Assignments )

END; (a End o4 Continue if Feasible 4)

END; (4 End of ASSIGN VARIABLES 4)

PROCEDURE CALCULATE;

(***e**4**44elaa*444**44*****4e**aataea*44a4**4****4*****aa*****4***)

(4 This procedure calculates and prints the MEAN and 4)

(4 STANDARD DEVIATION for designated variables in

(4 GROUP (designated with other than zero). 4)

(***4***eeee*********ee******4*4****4e*****4*4*a*a***)*

VAR

1, (4 Iteration counter 4)

INDEX: (4 Field index into arrays 4)

INTEGER;

OPT: (4 Menu option a)

CHAR;
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NAME: (0 Field or variable name a
STRING;

(4 Internal Procedures a

PROCEDURE CALCXBAR;

BEGIN
FOR INDEX:=I TO WIDTH DO (aCalculate grand totals a

IF (GFOUPtANOEXI O) THEN
FOR I:=l TO NUMREC DO

XBARE INDEX): =XBARZ INDEX )'DATAE I, INDEX);

FOR INDEX:=l TO WIDTH DO (aConvert to means a
IF (NUMRECQO) THEN

XBARE INDEX): =99.9999
ELSE

XBAR( INDEX): =XBARr INDEX)/NUMREC;

END; (aEnd oi CALCulate means (XBAR) 4

-' -UPROCEDURE CALCSDEV;

BEGIN
FOR INDEX:=l TO WIDTH DO CtCalculate grand totals 4

IF (GROUPEINDEX)>Cn THEN
IF (X9ARtINDEX)=99.9999) THEN

SDEYV INDEX): =99.9999
ELSE

FOR I:=I TO NUMREC DO
SDEVE INDEX2: =SDEYE INDEX)+

SQR(DATAtI, INDEX)-XBARE INDEX));

FOR INDEX:=1 TO WIDTH DO (aConvert to variances 4

IF (NUMREC<2) THEN
SDEVr INDEX): =99.9999

EL SE
SDEVtINDEX):-SDEV(INDEX)/ (NUMREC-1) I

FOR INDEX:=1 TO WIDTH DO CeConvert to standard dcv a
IF (NUMREC(2) THEN

SPEYC INDEX)I 99. 9999
ELSE

SDEYEINDEXJ:=SQRT(SDEVCINDEX));

END; (o End of CALCulate standard deviations (60EV) 4

PROCEDURE PRINTRESULTS;

BEGIN
SOTOXYCO,5);
WRITELN(CHR(15),'VARIABLE': 15, 'MEAN' :11,

'STANDARD DEYIATION':24,' ':6,CHR(14),CHR(13));
IF (PRINTER) THEN
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BEG], N
WRITELN(PTR,'FILE ',SPECSUC'),':',CHR(13));
WR ITELN PTR, 'VAR IAPLE' :9, 'MEAN' : 1,

'STANDARD DEYIATION':24,CHF)13));
END;

FOR 1:=l TO WIDTH DO (0 Print Criterion/Manifest. a
IF (GROJPLl)=1) OR (GROUFEI)=3) THEN

BEG IN
NAME: =SPECS 1(13;

'S IF (LENGTH(NAME)>9) THEN
NAME: =COPY (NAMC, 1,9);

WRITELN(NAME:15, XBARZ ): 12: 5, SDE VtiJ: s: 5);
IF (PRINTER) THEN

WR ITEL.N (PTR, NAME :9, XBAREI): 12: 5,
SOEVEI 1 : 16: 5);

END:;( End of Print Criterion variables a

FOR 1:-l TO WIDTH DO (aPrint Predictor variables a
IF (GFROUPtIW=2) THEN

BEG]IN
NAME: -SPECS]I)r]
IF (LENGTH(NAME)>9) THEN

NAME:=COPY(NAME, 2,9);
WRITELN(NAME: 15,XBARtI): 12:5,SDE.'II): 16:5);
IF (PRINTER) THEN

WR ITELN PTR, NAME :9, XPE1): 12: 5,
SOEVE ): 16:5);

END; (aEnd of Print Predictor variables a

IF (PRINTER) THEN
FOR ]:=I TO 2 DO

WRITELN(PTR);

END; (aEnd of PRINT RESULTS 4

Main body of CALCULATE a

BEGIN
FOR INDEX:=1 TO WIDTH DO (a Zero out arrays a

BEGIN
XBARE INDEX): =0.0;
EDEVE INDEX): -0.0;

END;

CALCXBAR; (aMeans of designated a

CALCSDEV; (aStand Dev of designated a)

ERASE (22, U;
GOTOXYI&6,22V;

*WRITE(CNR(7),'Done. Press any key to print. results ')U
BE TOPT ION COPT);
ERASE (22,1);

PR! NTRESULTS; ( XBAR's and SDEV's a)

END; (0 End of CALCULATE 0
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UNIT MUG; INTRINSIC CODE 17;

INTERFACE
USES TRANSCEND, MAINUNIT;

PROCEDURE STANDARDIZE(VAR DATA:RAWDATA;VAR XBAP,SDEV:VECTOR:
VAR GRDUP:HECIDER:;NUMRECWIDTH: INTEGER;
OPTION:CHAR);

PROCEDURE GENMATRIX(VAR DATA:RAWDATA;VAR CM:MATRIX;

VAR SPECSI:HEADERI;VAR GROUP:HEADER2;
NUMRECWIDTH:INTEGER;PRINTER:BOOLEAN);

PROCEDURE GETCVCS(VAR CC:VECTOR;VAR ALPHA,BETACM:MATRIX;

VAR SPECSI:HEADERI;VAR GROUP:HEADER;
PRINTER: BOOLEAN) ;

IMPLEMENTATION

UMain body 04 MUG a)

.*-.'PROCEDURE STANDARDIZE;

(4 This procedure standardizes designated fields within 4)

(4 DATA depending on the value of OPTION: *,

(* I - Mean Corrected (Subtract Mean only) 4)
*'(* 2 - Standardized (Subtract Mean & divide by a)
(0 Standard Deviation) 4)

(0 The first option leads to generation of a Sample 4)

(a Covariance Matrix, the latter to a Sample 4)

(a Correlation Matrix.

VAR I,J:INTEGER; (0 Iteration counters 4)

BEGIN
IF (OPTION='1') THEN (a Subtract Means only 4)

FOR J:-I TO WIDTH DO (a of designated vars a)
IF (ROUPEJ]>O) THEN

FOR 1:-l TO NUMREC DO
DATAEIJ3:-DATACI3-XBAREJ];

IF (OPTION='2') THEN (4 Sub Means & Div by SD a)
FOR J:-I TO WIDTH DO (a of designated vars 4)

IF (GROUPCJ]>O) THEN
FOR I:-I TO NUMREC DO

IF (NUMREC<2) OR (SDEV[J]-O.O) THEN
DATAC I,33:-99.9999

S ELSE
DATALIJ]:-(DATACIJ]-XBARJ])/SDEV[J];
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END; (C End of STANDARDIZE *)

PROCEDURE GENMATRIX;

( C***************C********************** ****************S*

(a This procedure generates and prints the Sample 4)

(* Correlation Matrix (CM) of the designated *)
(0 fields by first generating smaller first and
(4 second set sel4-correlation matrices and the 4

(a first/second cross-correlation matrix. 4)

i s* These partitions are stored in CORRMATRIX (CM). *)

*.(*4 *~~a44aa4a44a44*aaeeaaaaaena~aee)

VAR
IJL, (a Iteration counters 4)

INDEX, (a Field in arrays

P, C' Number in Ist set 4)

K: C' Number in 2nd set *)

INTEGER;

MULT: C' Statistical reducer 4)

REAL;
OPT: (a Menu option 4)

CHAR;
NAME: C* Field / variable name 4)

STRING;
A: (4 Array of pointers to 4)

HEADER2; C' next same type field a)

e******44**a*** ****4a*44*4** *4444**444 CC***4aaC*a*4C*****4**C**44**

(4 Internal Procedures a)
(%aeaee*eea*aaaae*ta****a44*44*e***************44444CCC*C*4**)

PROCEDURE SETPOINTERS;

BEGIN

FOR I:rI TO WIDTH DO
IF (GROUP[I=1) OR (GROUP[I=3) THEN

BEGIN (a 1st or only set 4)

INDEX:-INDEXI;
ACINDEX):=I;

END;

FOR I:-I TO WIDTH DO
IF (GROUP[I]-2) THEN Cs 2nd set C)

BEGIN
INDEX:=INDEX.1;
A[INDEX]:=I;

END;
END; Cs End of SET sequential POINTERS by type 4)

PROCEDURE SETMATRIX;

BEGIN

FOR I:s1 TO P DO (a 1st set self-corr *
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FOR J:=u(i+ TO P DO
BEGIN

CMI I,32:=O.0;
FOR L:=l TO NUMPEC DO

CMI1,33: =cmr i,jj.

CMII,J3:=CM[I.J]*MULT;, (a Upper diagonal *
CMr3,l3:=CM1I,3; (o Lower diagonal 4

END; (' End of 1st set self-corre-lation mE.trix*

FOR I:=(P*l) TO (P+V) DO C'2nd set self-corr 4

FOR 3:=1.i* TO (P.k,) DO
BEG IN

CMII, 3: =0.0;
FOR L:=l TO NUMREC DO

CMI I,3J:=CMC I,J3
(DATAIL,A[Il)2'DATAIL,AEJJ));

4' CMCI,3):=CMCI,32.MULT; (4Upper diagonal *
CMCJ,12:=CMCI,3); C'Lower diagonal)

END; (* End of 2no set self-correlation matrixa

FOR I:=i TO P DO (aCross correlation *

FOR 3:=(P~l) TO (P.K) DO
BEGIN

CMII,33: -. 0;
FOR L:=1 TO NUMREC DO

CDATAIL,AII)2'DATA1L,AIJ3);

CMCI,32:-CMCZ,3MULT; C'First/Sec cross *
CMIJ,I):=CMrI,3); C'Sec/First cross'

<-K END; (4End of Cross correlation matrices 4

FOR I:=i TO (P4K) DO (4Main Diagonal to 1I4
4'- CMEI, I):-1.0;

- END; (4 End of GET the MATRIX 4

* PROCEDURE PRINTMATRIX;

Sb. BEGIN
4-.. GOTOXY(10,5);

FOR I:-1 TO (P+K) DO C'Display header row 4

BEGIN
NAME: -SPECS)tAt 122;
IF (LENGTI-UNAME)>7) THEN

'4' NAME:-COPY(NAME,1,7); (4Truncate to fit 4

WRITE(NAME:6U;
4 END;

WRITELN(CHRCI3)H;

* IF (PRINTER) THEN C'Print header row 4

BEGIN
WRITELN(PTR,'CORRELATION COEFFICIENTS:',CHRCI3fl;
WRITE(PTR,' ':10);

FOR 1:-1 TO (P.K) DO
BEG IN
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NAME:=SPECSZ rAr i));
IF (LENGTH(NAME>,1l) THEN

NAME:=ZOPV(NAME,1,1I); (4Truncatee

WRITE (PTR,NAME: 12);
END;

WRITELN(PTR,CHRHZU);
END; (*End o4 Display/Print Header Rows *)

FOR 1:=1 TO (P4K) DO (4Display/Print Matrix 4

BEGIN
NAME: =SPECSIt rt )
IF (LENGTH(NAME)>9) THEN

NAME:=COPY(NAME,l,9); (4 Truncate e
WRITE(NAME:9,' ');

IF (PRINTER) THEN
WRITE(PTR,NAME:9,'I)

/444FOR INDEX:=1 TO (P*K) DO
BEGIN

WRITE (CMEI, INDEX 2:6:4);
IF (PRINTER) THEN

WRITE(PTR, CM I, INDEX3: 12: 4)
END;

WRITELN;
IF (PRINTER) THEN

.4. WRITELN(PTR);
END;, (4 End o4 Display/Print Matrix 4

IF (PRINTER) THEN
FOR I:=l TO 2 DO

WRITELN(PTR);

END; (4End o4 PRINT the correlation MATRIX *

Main body o4 GENMATRIX .

4k~ .PBEGIN

- P:-GROUPC-1); (aInitialize parameters*

KI -GROLJRCO);
INDEX:=0;
MULTI-I/(NJMREC-i )

A BSETPOINTERS; (aFill painter array a

SETMATRIX;

ERASE(20,3)I
V BGOTOXY (16,22);

WRITE(CHR(7),'Done. Press any key to print results. ')U

9ETOPTION(OPTUi

BaTon' (0,2);

4,.. WRITELN('CORRELATION COEFFICIENTS'IZB);

4 PRINTMATRIX;
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* * * * . * * 4 , 4, . - . - , - * . . . .. . . ,. . . . , . . . ,, ,

''"END; (e* End o4 GENe'-ate MATRIX 4)

4444444444444444-44444 *444 44444441 44

,'':(4*$1 PSPF':GETCVCS *) (4 Include procedure in memoryj *~

S..,(4 Initlazatior part oi UNIT 4

m END.

. o4-
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W.. 77 2

PROCEDURE GETCYCS;

(4 This procedure calculates the Canonical Variate 4)

(4 Coefficients (Alpha & Beta) for both sets o)
(4 variables (X & Y) and prints them. Note: The 4)

(0 Alpha's are the normalized eigenvectors. 4)

(* ALPHA = 1/SQOT(C) 4 ALPHA 4)

(4 where C = ALPHA' * R(YY) * ALPHA

(4 -1 4)

(4 BETA = (I/CANCOR) 4 (R(XX) * R(XY)) * ALPHA a)

. V . VAR
I,J,L, (4 Iteration counters 4)

P,( Number of criterions 4)

K, (4 Number of predictors 4)

N: (o Lesser of P and K 4)

INTEGER;

SCALE: (a CVC Normalize factor 4)

REAL;
OPT: (a Menu option 4)

CHAR;
NAME: (4 Variable name *1

STRING;
NAMES: (4 Sorted variable names 4)

HEADERI;
TEMP: (a Used in scaling 4)

VECTOR;
MMULT, Matrix multiplier)
RXX, (4 R(XX) partition 4)

RXXINV: (a R(XX) inverse 4)

MATRIX;
FEAS: (0 Used in INVERT routine 4)

BOOLEAN;

.-(4 Internal Procedures 4)

PROCEDURE INVERT(N:INTEGER;VAR FEAS:BOOLEAN;VAR R, IM:MATRIX);

'p.' VAR

%,J, (a Iteration counters 4)

ROW, (4 Pivot row 4)

COL: (4Pivot column 4

INTEGER;

(o Pivot element on main diagonal 4)

CM, (4 Column multiplier

TR, (4 Subtracted from matrix R a)
TIM: (4 Subtracted from matrix IM a)

REAL;

""(4 Procedures internal to INVERT 4)
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PROCEDURE INITIALIZE;

BEGIN

FOR I:=l TO N DO

FOR J:=l TO N DO
BEGIN

IMrI,3 : =0.0;

IF (I=J) THEN
IM[1,3): = 1.0;

END;

END; (' End of INITIALIZE ')

PROCEDURE SCALEPIVOTROW;

BEGIN
FOR J:=1 TO N DO

BEGIN
R[ROW,J3:=RCROW,J]/T;
IM[ROwJ):=IM[ROW,J3/T;

END;

END; C' End of SCALE PIVOT ROW ')

PROCEDURE REDUCEROWS;

BEGIN
CM:=-R[I,COL];

FOR J:=l TO N DO
BEGIN

TR:=R[ROW,3]*CM;
TIM:=IMCROw,J 3CM;

REI, 3:-R[IJ3+TR;
IF (ABS(REI,3])<0.000001) THEN

RII,J3:=0.O;

IMEI,J]:=IM[1,J3+TIM;

IF (ABS(IM[I,J3)<O.000001) THEN
IM[Ij3:=O.O;

END;
END; Ce End of REDUCE ROWS *)

(' Main body of INVERT Procedure 4)

BEGIN
INITIALIZE;
FEAS:-TRUE;

FOR ROW:-I TO N DO C' First scan 4)

DEGIN

COL:-ROW;
T:-REROWCOL];
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IF (T<>O.O) THEN
BEGIN

IF (T<>T.0) THEN

SCALEPIVOTROW;

FOR I:=I TO N DO

IF (I< >RW) THEN

REDUCEROWS
END:

END; (4 End ol First Scan a)

FOR ROW:=I TO N DO (eSecond Scan
BEGIN

COL:=ROW;
T:=REROW,COL);

IF (T=O.O) THEN
FEAS:=FALSE

ELSE
IF (TK>I.0) THEN

as.' SCALEPIVOTROW;

FOR I:=l TO N DO
IF (1<>ROw) AND (FEAS) THEN

REDUCEROWS;
END; (' End o4 Second Scan *)

END; (4 End o4 INVERT 4)

A

PROCEDURE SCALEALPHAS;

BEGIN
FOR L:=l TO N DO (4 Scale the Alpha's a)

BEGIN

FOR I:=1 TO P DO
BEGIN

TEMPI3:=0.0;
FOR J:=l TO P DO

TEMP[I]:=TEMP[I)

ALPHA[J,LJ4CM[J,I];
END;

SCALE:=O.O;
FOR I:-1 TO P DO

SCALE:=SCALE.TEMP[I]*ALPHAEIL];

FOR I:-I TO P DO

IF (SCALE=0.0) OR (ALPHAI,L]W99.9999) THEN
ALPHA[I,L]:-99.9999

ELSE
ALPHAI,L]:=(1.O/SQRT(SCALE))*ALPHA[I,L];

END;

END; (4 End ol SCALE the ALPHA vectorS 4)

PROCEDURE CALCBETAS;

BEGIN
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FOR 1:=l TO K DO (4Get R(XX) inverse 4

FOR J:=i TO K DO
RX(I,Jl:=CML I+)3-s-P) 3;

INVERT(K,FEAS,RXX,RXXINY);

FOR 1:=l TO K DO 4Get R(XX) *R(XYJ )

FOR, J:=1 TO F DO
FOR L:=l TO K DO

MMULT I IJ33: = MrUL TC 1I2
(RX X I NvI I, L3CM((L+F , );

FOR I:=1 TO N DO (4Calculate the BE'7 4

FOR J:=1 TO I' DO
IF (CC[II399.9999) OR (CC[IJ=C).0) THEN

BE7A[3,13: =99. 9999
ELSE

BEGIN
FOR L:=1 TO P DO

BETAIJ, Il:=BETACJ, 3+
(MMWLT[J,L)4ALPH-A:L,I3P;

BETA 3,13: = 1.0/CC (13 .BETA 3, 1),
END;

END; (4 End of CALCulate the BETA vectorS 4

% PROCEDURE PRINTFIRSTSE7;

BEG IN
GOTOXY(O,3);
WRITELN('COEFFICIEN7S FOR CANONICAL VARIABLES OF '

'THE FIRST SET');
B0TOXY(0,5;
WRITE(' ':15);
FOR I:=1 TO N DO

WRITE(' CANVAR',1:2);

IF (PRINTER) THEN (4Printer headings 4

BEGIN
WRITELN(PTR,'COEFFICIENTS FOR CANONICAL '

'VARIABLES OF THE FIRST SET',CHR(13ZH;
WRITE(PTR,' ':15);
FOR 1:-i TO N DO

WRITE(PTR,' CcANVAR',1:2);
WRITELN(PTR,CHR(13));

END;

GOTOXYCO,7); (0 Get NAMEs of first set 4

FOR 1:-1 TO (P4K) DO
IF (GROUPEI3-1) THEN

BEGIN

* NAMES[JI: =SPECS11t13;
END;

FOR 1:-1 TO P DO (4Print first set 4

BEGIN
NAME:-NAMES( I3;
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IF (LEN23H(NAME)>15) THEN

NAME =COF Y(NAME, 1,l1 );
WRITE (NAME: 15);

*IF (PRINTER) THEN
WRITEkPTR,NAME: 15);

FOR J:=1 TO N DO

BEG IN
WRITE(ALFHAI, 31: 10:4)
IF (PRINTER-. THEN

WRITE (PTR,ALPH4,[I1.3:10:4);

END;

WR ITELN;
IF (PRINTER) THEN

WR:TELNFTR);
END;

ENC; *End of PRINT the FIRST SET of ccefficients 4

PROCEDURE PRINTSECONDSET:

BEGIN
WRITELNCHR(I3),'COEvFICIEN7S FOR CANONICAL VAPIABLES '

'OF THE SECOND SET',CHR(13));

WRITE(' ':15);
FOR 1:=I TO N DO

WRITE(' CANAR',1:2';
WR:TELN(CHR(13));

IF (PRINTER) THEN (*Printer headings *

BEGIN
WRITELN(PTR,CHR)133),'COEFFICIENTS FOR CANONICAL'

VARIABLES OF THE SECOND SET',CHR(13));
WRITE(PTR,' ':15);
FOR I:=l TO N DO

WRITE(PTR,' CANVAR',I:2(;
WR ITELN (FTR, CHR (I3));

END'

J:(4 Get NAMES of second set 4
FOP 1:=l TO (P4+K) DO

IF (GRJDLJF-IJ=2) THEN
BEGIN

NAME51J3:=SPECS. LI3;

END;

FOP 1:-l TO K DO (4Print second set 4
BEGIN

NAME: -NAMESC I);
IF (LENGTH(NAME)>15) THEN

I~. NAME.=COVY(NAME, 1,15);
WRITE(NAME: 15);
IF (PRINTER) THEN

.. rWRITE(PTR,NAME: 15);

FOR J:-i TO N DO

BEGIN
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WRITE(BETA[I,J]: 10:4);
IF (PRINTER) THEN

WRITE(PTR,BETA[I,J]: 0:4);

END;

WRITELN;

IF (PRINTER) THEN
WRITELN(FTR);

END;

IF (F INTER) THEN
WFITELN(PTR,CHR(l3));

END; 1* End of PRINT the SECOND SET of coeilicierts 4)

- -(4 Main body of GETCVCS a)

BEGIN
(*SR TRANSCEND *) (4 Retain UNIT in memory *)

P:=GROuPr-l); (4 Initialize parameters C)

K: =GROUFt0):
IF (P>K) THEN

N:=K
ELSE

N:=P;

FOR 1:=l TO K DO

FOR 3:=1 TO P DO
BEGIN

MMULTE 1,J: =0.0;

BETA[I,J:=0.0;

END;

SCALEALPHAS; (a Scale ALPHA vectors 4)

CALCBETAS; (C Calculate BETA vectors C)

"-"-. ERASE(22,1);
-3- GOTOXY(16,22);

*-.- WRITE('Done. Press any key to print results. );
GETOPTION(OPT);

ERASE(22,I);

PRINTFIRSTSET;

PRINTSECONDSET;

GOTOXY(16,22);

WRITE('Done. Press any key to continue. ');

SETOPTION(OPT);
* ERASE(3,20);

END; (a End of GET Canonical Variate CoefficientS C)
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UNIT MUH; INTRINEIC CODE 18;

INTERPFACE
USES MAIN_UNIT;

PROCEDURE INVERT(N: INTEGER;VAR FEAS:P30LEAN;
R:MATFIX;VAR IM:MATRIX);

PROCEDURE PREFTOEIG(CM:MATRIX;P,K: INTEGER;VAR A:MATRIX;
VAR FEAS:BOOLEAN;

PROCEDURE EIGEN(N:INTEGER;A:MATRIX;VAR V:MATRIX;VAR E:VECTOR);

IMPLEMENTATION

(4 Main body of MU_H 4)

PROCEDURE INVERT;

%( This procedure needs as input: 4)

(4 N - Order o
4 

matrix to be inverted 4)

(4 R(N,N) - Matrix to be inverted 4)

( iTni procedure returns as output: 4)

..-(4 IM(N,N) - Inverted matrix 4)

(0 FEAS - Returns FALSE if no inverse exists 4)

- .I,, (4 Iteration counters 4)

ROW, (. Pivot row 4)

COL: (4 Pivot colum 4)

INTEGER;
4T, Pivot element on main diagonal 4)

CM, (4 Column multiplier 4)

TR, (4 Subtracted from matrix R 4)

TIM: (4 Subtracted from matrix IM 4)

REAL;

'..(4 Internal Procedures 4)
(***e*4444444*4444444444404*•4O4444*44444444444**044444°4*4**444*4**)

PROCEDURE INITIALIZE;

BEGIN
FnR I:-I TO N DO

FOR 3:-1 TO N DO

BEGIN-); M[I,J3:-O.(O;
IF (I-J) THEN
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END;
END; (0 End o4 INITIALIZE a

PROCEDURE SCALE I VOTROw;

BEGIN
FOR J:=I TO N DC

BED IN
REROW,J3:=R[ROW,2t'T;
IMEROW,3):=1MER04, j3lT;

END;
END; (aEnd ol SCALE PIVOT ROW a

PROCEDURE REDUCEPhAJS;

N' BEGIN
- - CM: =-RE I, COLI;

FOR J:=1 TO N DO
BEGIN

TR:rRE ROW,J30CM;
TIrl:=IMrROW, J3aC;

RE I,J): =RE I,J3TR;
IF (APS(REI,J))<0.00000D) THEN

IMEI,J3:=IMEI,J-sTIM;
IF (ABS(IMEI,31)<0.000001) THEN

V END; IME I,3):r0.0;
-END;

END; (aEnd of REDUCE ROWS a

(0 Main body 04 INVERT Procedure 0

BEGIN
INITIALIZE;
FEAS: =TRUE;

FOR ROW:=1 TO N DO (aFirst scan a
BEGIN

COL: tROW;
TI -R[ROW, OL3;

IF (T<)0.O) THEN
BEGIN

IF (T<>1.0) THEN
* SCALEP IVOTROW;

FOR I:-i TO N DO
IF (IC>ROW) THEN

REDUCEROWS;
END;

END; (aEnd of First Scan a
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FOR ROW:=l TO N DO (4 Second Scan 4

BEGIN
COL:=RL4;
T:-R[ROW,COL);

IF (T=C.O) THEN
FEAS:=FALSE

ELSE
IF (T<'I.O) THEN

SCALEPIVOTROW;

FOR I:=I TO N DO

IF (I<>ROW) AND (FEAS) THEN
REDUCEROWS;

EN'; (o End of Second Scan 4)

END; (4 End of INVERT 4)

PROCEDURE PREFTOEIG;

(4 This procedure generates matrix A, from which the 4)

(4 eigenvalues are calculated, by multiplying the

(4 partitions of the Sample Correlation Matrix: 4)

(4 -I -1 4)

(4 A = E R(YV) R(YX) * R(XX) 4 R(XY) 3 4)

VAR I,J,L: INTEGER; (4 Iteration counters 4)

(0 Internal Procedure 4

PROCEDURE CLEAR(VAR A:MATRIX); (4 Empty matrix A

BEGIN
FOR I:=1 TO MAXSIZE DO

FOR 3:=I TO MAXSIZE DO

A1I,32:=0.0;

END;

PROCEDURE GETUPPERLEFT;

BEGIN

FOR 1:-1 TO P DO (4 Get R(YY)' * R(YX) )

FOR J:-1 TO K DO
FOR L:-l TO P DO

ACIJ3:-A[IJ)+ICMEI,L]*CMEL,(J P)]);

FOR 1:-1 TO P DO
FOR J:-I TO K DO

CM[I, (J+P)]:AC1I,J3;

S4i 17 5:re



CLEAR (A;
END;

- - PROCEDURE GETLOWERPIGHT;

BEGIN
FOR 1:-i TO K DO C.Get R(XX)' * (XY) 9

FOR J:=i TO P DO
FOR L:=1 TO K DO

(CMZ (JtP) ,(L+F) )*Cfl(L+F) ,3)

FOR I:=1 TO K DO
FOR 31=1 TO P DO

CME(I.P),3:=AtI,3;
CLEAR (A);

END;

PROCEDURE GETMATRI XA;

BEGIN
FOR I:=1 TO P DO

FOR 31=1 TO P DO
FOR L:=1 TO K DO

ACI,33: =AC1, 3)4(CMEI, (L+P) ).CMC L+P),J3);
END;

C' Main body of PREPTOEIG 9

BEGIN
FEAS: -TRUE;

FOR 1:-l TO P DO C'Get RCYY)'
FOR 31=1 TO P DO

AC1I,3:=CMC1,J3;

t INVERT (P, FEAS, A, A);

IF (FEAS) THEN C'Proceed if leasable *
BEGIN

FOR 1:-i TO P DO
FOR J:-i TO P DO

CM C I,J3: spy, 3);

CLEAR CA);

FOR 1:-1 TO K DO COGet R(XX)'
FOR 3:=1 TO K DO

0.' ACI,J3:CMC C1+P)o, C3P) 2;

INVERTCK,FEAS,A,A);

IF (FEAB) THEN C'Proceed if +easable *
BEGIN
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FOR I:=l TO K DO
FOR J:=i TO K DO

CM[(I+P),(J P)]:=AI,J3;

CLEAR (A);

GETUPPERLEFT;

GETLOWERR IGHT;

GETMATRI XA;

END; (4 End of 2nd FEASability check e)
END; (* End of Ist FEASability check 4)

END; (4 End of PREPare TO ElGen 4)

PROCEDURE E!GEN;

(4 This procedure needs as input: 4)

(0 N - Order of matrix to be solved 4)

(4 A(NN) - Matrix to find eigenvalues of 4)

.( This procedure returns as output: 4)

.( E(N) - Eigenvalues in decreasing order 4)

'( V(NN) - Associated wigenvectors 4)

VAR
UR, (e Top row of deflated matrices 4)

Z: M(4 Eigenvectors of deflated matrices 4)

MATRIX;
B, (4 Current eigenvector a)
C: (. Dot product of A(NN) and B(N) 4)

VECTOR;
lJ, (4 Iteration counters

L, (* Eigenvalue counter 4)

NS: (4 Top row/Left col of deflated matrix *)

INTEGER;
VALUE, (4 Current estimation of eigenvalue 4)

LAST, (4 Previous estimation of eigenvalue 4)

EPS, (e Accuracy stopping criteria 4)

SCALE: (. Eigenvector scale factor 4)

REAL;

.. Internal Procedures 4)

PROCEDURE INITIALIZE;

.. i,...BEGIN (4Initialize matrices 4

FOR 1:-1 TO N DO
BEG IN

17?
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FOR J:=i TO N DO
BEG IN

yE1I,3): 0.0;

Z 1I,3: =0.0;

END;
Br!): =0.0;

END;

END; (4 End of INITIALIZE *

PROCEDURE GETEPS;

VAR OPT1,OPT2,OPT3: CHAR; (aMenu options *

BEGIN CaGet stopping value C
OPT2:='Y';

(*$I -*) (o Turn off 1/0 check C

GOTDXYC0,6);
WRITELN('Do you desire op~tional precision setting)');
WRITELN(' (More precision requires more time)');

WHILE (0PT2='V') OR COPT2='y') DO
BEGIN

* BGOTOXY (0,10);
WRITELN('Select desired optirn:');
WRITELN(' I - Enter desired EPSILON '

'value');
WRITELN(' 2 - So with default of 0.0001');
BETOPTION(OPTI);
WHILE (OPTI<>11') AND COPTI<>'2') DO

GETOPTION (OPTI);

IF (OPT1='1') THEN
BEGIN

ERASE C1O,3K;
GOTOXY (0,10);
WRITELN('Enter desired EPSILON value:');
WRITELN(CHR(7fl;
RESET (INPUT);
READ (EPS);

WHILE (IORESULT=14) OR (EPS>0.1) OR
(EPS<0.000001) DO

BEG IN
BOTOXY (1,20);
WRITE(CHR(15) ,'WARNING:',

CHRC14),' Must be '

between .000001 '

'and .1. Press any '

'key to try again.');
BOTOXY (0,20);
GETOPTIONCOPT3);
ERASE (12,11);
BOTOXY (0, 12);
RtESET (INPUT);
READ(EPS;l
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END;
END

EL SE
EPS: =0.0001;

GOTOXY (0, 10);
WRITELN('EPSILON setting is',EPS:9:6,

between itcrations.');

WRITELN(' ':40);
WRITELN('Do you want to make a change" ,' ':10);
WRITELN(U Y - Yes, go back and change it');
WRITELN(' N - No, stay with this value');
GETDPTION(DPT2);
WHILE (OPTZ<>'V') AND (OPT2<>'N') AND

(OPT2<>'y') AND COPTZ<>'n') DO
GETOPTION(OPTZ);

ERASE (10, 5);
END; (aEnd of WHILE loop *

(*61+*) (aTurn on I/0 checking *
ERASE (6,2);

END; (aEnd of GET EPSilon *

PROCEDURE PREPARE;

FUNCTION MAX CA,D:REAL):REAL; (aGet magt offset from zero a
BEGIN

IF (ABS(A)>ADS(D)) THEN
MAX:=

ELSE
MAX: =9;

END; (0 End of MAX a

BEGIN (aPrepare to get aigenvalue a
SCALE: =0.0;

FOR I:-NS TO N DO
BEGIN

cc3: =0.0;
FOR 3:=NS TO N DO

CCIJ:-C[lJ.AtI,J3aBE3);
SCALE:-MAX (SCALE,CrlJ);

END;

FOR !:-NS TO N DO
IF (SCALE=0.0) THEN

CE13: -0.0
ELSE

CCI):-CCI 1/SCALE;
END; (aEnd of PREPARE to get eigenvalue a

* PROCEDURE SETEIGEN;

N-. VAR x,Y: REAL;

BEGIN (aEstimate wigenvalue a
x:-0.0;
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Yv:-0. 0;

FOR I:=NS TO N DO
BEGIN

X:=X-BEII )'PI);

END;

IF (X=0.0) THEN
VALUE: =99. 9999

ELSE
VALUE: =SCALE' ( / X);

IF (VALUE<0.0) THEN
VALUE: =0.0;

END; ('End ol GET ElGENvalue 4

PROCEDURE GETNEWVECTOR;

VAR SUM,T: REAL;

BEGIN (4 igenvectors of original e
ECLIVALUE;

FOR I:=NS TO N DO
IF (BtNS)=0.0) THEN

cri3: =0.0
ELSE

CLI 2:=5(I)/S(NS);

FOR I:=(L-I) DOWNTO 1 DO
BEGIN

SUM: =0.0;

FOR J:=1 TO N DO
SUM: =SUM+URt 1,J3 2'Dt3;

I F (SUM<>0.0) THEN
BEGIN

= w(VALUE-EL 12)/SUM;
FOR 3:-I TO N DO

BLJJI-ZLI, 3)+T.53;
END;

END;

FOR 1:-1 TO N DO
IF (EEL-0.0) OR (ELL3-99.9999) THEN

V~L,LJI -99. 9999
ELSE

vrX,LJ:-BL II;
END; (eEnd of BET NEW VECTOR *

* . PROCEDURE REDUCEMATRIX;

VAR DF: MATRIX;
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BEGIN (*Deflate original matrix *
FOR I:=NE TO N DO

FOR J:=NE TO N DD
DF[I. 3) -CE I)AENE, 3);

FOR 1:-NS TO N DO
FOR J:=NS TO N DO

NS:-NE. 1;

FOR 1:-NE TO N DO
URENS, 1:=A1NE, I);

FOR I:-i TO (NE-I) DO
B1l3: -0.0;

END; (4 End of REDUCE MATRIX a

FUNCTION DONE(A,B,EPS:REAL):BOOLEAN;

BEGIN
DONE:-(ABS(A-B) <- EPS);

END;

(a Main body of EIGEN procedure 4

BEGIN
INITIZE;

GETEPS;

FOR L:I1 TO N DO (aGet each eigenvalue 4

BEGIN
LAST: -0.0;
VALUE: -N;

WHILE NOT(DONE(LAST,VALUE,EPS)) DO
BEGIN

S. . LAST:-VALUE;

PREPARE;

SETE IGEN;

FOR 1:-NS TO N DO COScale vector *
IF (CENSI-0.0) THEN

ELSE
BE IJ:-CE IJ/CENS3;

END; (aEnd of WHILE loop *)

FOR 1:-l TO N DO (a Save each eigenvector *
ZEL, 13:-BEI);
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BETNEWVECTOR;

IF (L<N) THEN
REDLICEMATRI X;

END; (*End of Each Eigenvalue 4

END; (eEnd of get EIGENvalue *

(4 Initaahzation part of UNIT a

END.
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(*$Sn*)

UNIT MU_ I; INTRINSIC CODE 19;

INTERFACE
USES TRANSCEND, APPLESTUFF, MANUNIT;

PROCEDURE USERSELECThVAR N,NS: INTEGER);

PROCEDURE DARTLETT(VAR N,NS,NUMREC: INTEGER; VAR EIGVAL:VECTORY;

PROCEDURE SCREE(VAR N,NS: INTEGER; VAR EIGYAL: VECTOR);

PROCEDURE SELECTFACTORS(VAR NS,NUMREC: INTEGER: VAR EIGVAL:VECTDR;

VAR GROUF:HEADER2;PRINTER:BOOLEAN);

IMPLEMENT AT ION

(a Main part of MUI a

PROCEDURE USERSELECT;

Ca This procedure asks the user the number of available *
(a factors that should be kept for analysis. 4

* VAR OPT: CHAR; CaMenu option '

BEGIN

GOTOXY (0,12);,
WRITELN(CHR(7),'Ente- number of factors (1-',N,') to '

'keep: ',CHR (13));
RESET(INPUfl;
READ (NB);

WHILE (IORESULT-14) OR (NSCI) OR (NS>N) DO
- - BEGIN

GOTOXY (1,21);
WR ITELN(CCHR(C15) ,' WARNING: ' ,CHR(C14),

* Must keep at least I and no more '

'than ',N, factors.');
WRITELN(' 'I11,'Press any key to try again');
BOTOXY (0,21);
GETOPT ION (OPT);
ERASE (20,3);
SOTOXVCO,20)1
RESET(CINPUT);

* READCNS);
END; CaEnd of Bad number of factors a

ERASE (19,3);

END; C4 End of USER SELECT a
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PROCEDURE BARTLETT;

"(a This procedure calculates the CHI-Square statistic *)
(* for the Bartlett test of significance for as a)
(a many of the factors as the user desires. The a)
-(4 user is then asked to select the number of *)

(* significant factors to keep for FACTOR analysis. *)

VAR

I, (* Iteration counter a)
INDEX, (4 Non-zero factors a)
ROW: (* Row on screen a)

INTEGER;
•. W, (a Parts of the statistic 4)

MULTI, (4 Statistical multipliers a)
MULT2,
STAT: (a Bartlett statistic a)

REAL;

OPT: (RA Menu option *)
CHAR;

DONE: (4 Completion indicator a)
BOOLEAN;

(0 Internal procedures 4)
(eaee*a44a*a**taetaaeaaaaa*aaa*a***a***** *44 a*4*a**** *********

PROCEDURE INSTRUCTUSER;

BEGIN

WtP:TZ (CHR( 22))
SOTOXY(26,1);
WRITELN(CHR(15),' BARTLETT SPHERICITY TEST ',CHR(14));

GOTOXY(0,4);
WRITELN('This test c Iculates a CHI-Square test ',

'statistic to check the hypothesis:',CHR(13));
WRITELN(' Ho: EIGVAL(r+l)-EIGVAL(r+2)r...=',

'EIGVAL(K)-0');

WRITELN('
WRITELN(' Ha: EIGVAL(r+1) <> 0; after "r' tests');
WRITELN;

WRITELN('You should reference a CHI-Square table for');
NPITELN;
WRITELN(' CHI I a , (k-r)(k-r-1) J, at level a');

WRITELN;
tITELN('This routine calculates one test statistic, ',

'then asks if you wish to continue.');
WRITELN('You must decide when to stop. It will ',

'stop automatically after calculating');

-RITELN(N,' values. You will then be asked to select ',

'the number of factors to keep.',CHR(13));
NRITELN('NOTE: This test is good for small samples ',

'(n < 100) or for a large');
WRITELN(' number of manifestation variables ,
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(k > 9).)
GOTOXY(22,22);
WRITE('Press any key to start routinge'
SETOPTIONCOPT);
ERASE(4, 19);

END; (a End of INSTRUCT USER a

- FUNCTION DIVISOR CR: INTEGER': REAL;

VAR TEMPI,TEMP2:REAL; (aTemporary variables a

BEGIN
TEMPI1r.0;

N FOR '*-I TO R DO
TEMP2: =TEMP2- (EJEVALE I )/ CN-R);

FOR I:s1 TO (N-R) DO
TEMP I: -TEMPIaTEMP2;

DIVISOR: -TEMPI;
END;

baaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaae
(a Main body of BARTLETT a

% BEGIN
('SR TRANSCEND )(aRetain UNIT in memory a

R:=1.Q; (aInitialize parameters 4

DONE: -FALSE;
MULT1:--(NUMREC - I - (2*N-'5'/6.Q);

VS MULT2: -- ((NUMREC+1) - (2*N+5) /6.0);

INSTRUCTUSER;

FOR INDEX:-1 TO N DO
R:-RaEIGVALC INDEX3;

bfl-R; (aCalculate 1st statistic a
IF (W-0.0) THEN

STAT: -99.9999

iA. ELSE
STAT:-MU1LT1aLN(W);

SOTOXV(O,S);
WRITELN('Overall Statistic - %STAT:7:4)
INDEX: -01

WHILE NOT(DONE) DO (aoSt sequential statistics a
BE6GIN

SOTOXY(0,20);
WRITELN(ISelect desired option:');
WRITELN(' 1 - Continue with sequential '

% P'test(s)')#
WRITELN(' 2 - Exit & Choose number of '

tP 'factors ii
STOPTIONCOPT);
WHILE (OPT<>'l') AND (OPTO>'2') DO
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SETOPTION(OPT);
S N ERASE (20,3) ;

ROW:=INDEX10;
SOTOXY(0,ROW) ;

IF (OPT='2') THEN
DONE: =TRUE;

IF NOT (DONE) THEN
BEGIN

INDEX: =INDEX+l;
R:-R/EIGVALC INDEXJ;
N:-R/DIVISOR ( INDEX);
STAT:-MULT2*LN(W);

WRITELN(' With ',INDEX,' non-zero ,
STAT: 7: 4);

END;

e, IF (INDEX-N-I) THEN
DONE :TRUE;

-I, END; (4 End of Sequential test 4)

USERSELECT(N,NS); (4 Get number of factors e)

END; (4 End of BARTLETT 4)

PROCEDURE SCREE;

*" 'm ~( eeeeee4n4ea**e4e**ne..ee 4n4e*eaaeeeeeeeeeeeeee~eeee4.e .a)

.... (4 This procedure displays instructions on how to select a)
(4 the number of factors to keep based on a plot of a)
.( Elgenvalue Magnitude and Factor Number. The 4)

.-.* (4 user Is then shown the plot and asked to select 4)

(4 the number (NS) of significant factors to keep. 4)
.- -I (4 4)

VAR
INDEX, (4 Index into EIOVAL array 4)

1, (* Iteration counter 4)

PITCH, (a Bound used in curve plot 4)

ROw, (4 Row for data display 4)

4.' COL, (4 Column for data display a)
XY: Positions on text screen 4)

INTEGER;
VALUE: (4 Eigenvalue being plotted 4)

REAL;
OPT: 4 Menu option a)

CH4AR I
LETTER: (4 Used in printing the labels 4); jSTRING;

JP % (4 Internal Procedures a)
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PROCEDURE DRAWAX IS;

BEGIN
FOR Y:=O TO 22 DO (4 Vertical Axis

BEGIN
GOTOXY (10, Y);
WRITE(CHR(15), ' ,CHR(14));

END;

FOR X:-8 TO 52 DO (4 Horizontal Axis 4)

BEG IN
GOTOXY(X,21);

%*- i EN WRITE(CHR(15),' 'gCHR(14));
END;

FOR X:-50 DOWNTO 14 DO (* Horizontal hash marks *)
IF ((X-14) MOD 4 - 0) THEN

BEGIN
GOTOXY(X,21);~~WRITE01 )

END;

FOR Y:=21 DOWNTO I DO (4 Vertical hash marks 4)

IF ((Y-1) MOD 2 w 0) THEN
BEGIN

A GOTOXY(IOY)l
WRITE(" ");

END;
END; (a End o4 DRAW AXIS 4)

*aeaaaeaaaaaa*aeaaaaaaaaa*aa*aaaaaeaaaaaaaaaaaaaa****ea*****a****)

*.Z PROCEDURE LABELAX IS;

BEGIN
"-* IF (N>5) THEN (a Vertical Scale: Compressed 4)

N',-, BEGIN
ROW: =101
FOR Y:-l TO 19 DO

* IF ((Y-I) MOD 2 - 0) THEN
BEGIN

,OTOXY (7, V) I
WRITE (ROW: 2);
ROW: -ROW-I1

ENDO
END

ELSE
BEGIN (4 Vertical scale: Expanded 4)

ROW: -5;
4. '.1 FOR Y:-I TO 19 DO

IF ((Y-I) MOD 4 i0) THEN
IEGIN

GOTOXY(7,Y);
WRITE (ROW: 2);
ROW: -ROW-I;

END;
ENDO (* End o4 Vertical Scale 4)

IF (N>5) THEN (0 HorizOntal scale: Copressed a)
ESIN
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COL: -I;
FOR X:=14 TO 50 DO

IF ((X-14) MOD 4 0 0) THEN
BEG IN

y GOTOXYX,22);
WRITE COL:2);
COL:ECOL41;

END;

ELSE
BEGIN (e Horizontal scale: Expanded -)

COL: =I;
* FOR X:-14 TO 50 DO

IF ((X-18) MOD 8 - 0) THEN
BEGIN

GOTOXY(X,22);
WRITE (COL: 2);
COL: -COL 1;

END;
END; (* End o Horizontal scale *)

Y:-O;
FOR I:=I TO 11 DO (a Vertical label a)

BEGIN
LETTER:-COPY('EIGENVALUES',I,I);
GOTOXY (3, Y)i
WRITE (LETTER);
Y:-Y+2;

END;

X:-21;
FOR I:-I TO 7 DO (* Horizontal label a)

LETTER:-COPY('FACTORS' ,11);
SOTOXY(X,23);
WRITE (LETTER);
X:&X.41

END;
END; (a End of LABEL AXIS 0)

PROCEDURE PLOTPOINTS;

BEGIN
(.$R APPLESTUFF e) (0 Retain sound UNIT in memory a)

-.- FOR INDEX:-1 TO N DO (a Plot the points
IDE G N

VALUE:-EISVAL[ INDEX];

IF (N>5) THEN
BEGIN

ROW: -ROUND (2*VALUE);
% X:-12 * (INDEX * 4)0

END
N_,P_ ELSE

BEGIN
ROW: -ROUND (4*VALUE);
X:-11 4 (INDEX a 9);

% P%:

*V
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END;

Y: =21 - ROW;
PXTCH:=31 - Y

SOTOXY (X,Y);
* kI1RITE(CHR(15), '*',CHR(14));

EN;NOTE (PITCH, 10);

END; (4 End o4 PLOT POINTS 4

PROCEDURE SHOWINSTRUCTIONS;

BEG IN
WrRITELN('Whon you are r ly, you will be shown a plot of '

'Eigenvalue Magr..:udes vs.');
WRITELN('Factor Numbers. You will be asked to '

'visualiz, a line possing through');
WRITELN('the right most points and extending to the left.');

a- WRITELN;
WRITELN('The most significant factors are those that do ',

CHR(15),'not',CHR(14),' fall on that line ',

CHR(1S) ,'plus' ,CHR(14))1
WRITEL4('the first one that does. That is the number of '

'factors you should keep.');
SOTOXY (22,22);
WRITE('Press any key to see the plot V);

END; (* End of SHOW INSTRUCTIONS a

(0 Main body of SCREE routine

BEGIN
(461-0)

WRITELN(CHRdl2),- ':35,CHRI15),' SCREE TEST ',CHR(14));
GOTOXY(0,5);

a' - SHOWINSTRUCTIDNS;

a-' SETOPTION(OPT);
ERASE(5,B);
ERASE (22,1);

DRAWAX IS;
a- LADELAX IS;

PLOTPOINTS;

ft SOTOXY(37,S);
WRITE('Visualize a ''acres line'' through');
*O1OXY(37,9);
WRITE('the right-most points. Enter the');
SOTOXY (37, 10)5
WRITE(vnumber of points not on~ that');
OOTOXY(37,I1);

RESET(INPUT)i
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READ (NS) ;

SWHILE (IORESULT=14) OR (NS<I) OR (NS>N) DO
BEGIN

4' SOTOXY(37,14);
WRITE' ,CHR(15),'WARNING:',CHR(14),' Must be'

'at least I and');
SOTOXY(47,15);

,' WRITE('no more than ',N,' factors.');
GOTOXY(47,17);
WRITE('Press any key to try again');
SOTOXY(37,14);
BETOPTION(OPT);
BOTOXY(50,11);
WRITE(' ':20);
FOR 1:-1 TO 4 DO

-BEGIN

BOTOXY(37,(1+13));
WRITE(' ':36);

END;
BOTOXY(50,11);
RESET(INPUT);
READ(NS);

END; (* End of Bad number of factors )

(**I+*)

END; (* End of SCREE test *)

PROCEDURE BELECTFACTORS;

"(4 This procedure calculates and prints the percents of 0)
,( variance explained by each factor, and then has 4)
__ (e the user select the number of factors (NS) to 4)

(4 maintain. Selection is done by one of these: a)

Ce 1 - Default (Eigenvalues > 1.0) 4)

(4 2 - Scree Test
3 - Bartlett's Bphericity Test 0

(e 4 - User select

m * *( e * * * * * 4 e* 4 e e ee*e *e e 4 4 e e e e e e e e e e e e e e e e o e ee* * n e e e e e* e e e a e e e* * n * * *

VAR
1 l,3, (4 Iteration counters 4)
N: (a Number of factors 0)

INTEGER;
VALUE, (0 Elgenvalue )
PCTOFVAR, (4 Percent of variance 4)
CUMPCT: (a Cumulative percent )

REA;
OPT, (0 Menu options a)
OPT1:

CHAR;

190

% , ' , , , , , . . . . ,- ,. , ,. . . . . - . . . . . . . . . . .



(a Internal Procedures a

PROCEDURE GETNPRINTSTATS;

FOR 1:-l 10 N DO
DEG IN

VALUE: -EIGVAL[1I ;
PCTOFVAR:U (VALUE/N) .100;
CUMPCT: -CUMPCT+PCTOF VAR;

WRITELN (1: 4, VALUE: 13: 4, PCTOFVAR: 12: 1,
CUMPCT: 12:1);

IF (PRINTER) THEN
WRITELN(PTR, I:4,VALUE: 13:4,PCTOFVAR: 12:1,

CUMPCT: 12:1);
END;

IF (PRINTER) THEN
WRITELN(PTR,CHR(13));

END; (aEnd of GET aNd PRINT STATisticS a

PROCEDURE RECAPSELECT ION;

BEG IN
WRITELN(CHR(12),' ':30,CHR(15,' FACTOR SELECTION '

CHR (14));
SOTOXY (0,15);
CUMPCT: -0.0;
FOR 1:-1 TO NS DO

CUJMPCT:-CUMPCT 4 (EISVAL[I)/N) * 100;
'.-6

WRITE('You have selected ',NS,' factor');
IF (NS>I) THEN

WRITE('s');
WRITELN(' to continue analysis with.',CHR(13));
WRITELN('This explains',CUMPCT:4:1,'% of the variance.');

IF (PRINTER) THEN
BEGIN

WRITELN(PTR,NS,' factor(s) chosen to continue '

'FACTOR analysis with.');
WRITELN(PTR,'This explains',CUMPCT:4:1,X% of '

'the variance.1,CHR(13),CHR(I3))1
END;

END; (0End of RECAP SELECTION a

(aMain body of SELECT FACTORS a

BEGIN
N:-GROUP1OI; (aInitialize parameters a
NS:-O;
CUPIPCT: -0.0;

GOTOXV(0,5);
WRITELNCHR15,FACTOR,EIENVALE':13,'PCT OF VAR':13,
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'CUM PCT':UO,CHR(14),CHR(13))U

IF (PRINTER) THEN
WRITELNCPTR,'FACTOR','EIGENVALUE':13,'PCT OF VAR':13,

V 'CUMI PCT':l0,CHR(13))U

SETNPPINTSTATS;

SOTOXY (0,19);
WRITELN('Pick desired method of FACTOR selection:');

-,WRITELN(' 1 - Eigenvalues > 1.0');

4'WRITELN(' 2 - Screw Test');

II.WPITELN(' 3 - Dartlett''s Sphericity Test');
WRITELN(' 4 - User selection');

* GETOPTION(OPT);
WHILE (OPT(1') OR (OPT)'4') DO

SETOPTION(OPT);
ERASE (19,5)

.44 CASE (OPT) OF (GoSt significant factors *
'1': FOR 1:-l TO N DO

S'4  IF (EISVALCIJ>1.0) THEN

'2': BCREE(N,NS,EIGVAL)I
'3': BARTLETT (N,NS, NUMREC,EISVAL)8

* ~.j 4': USERSELECT(N,NS);

a-i END; (* End of CASE 4

RECAPSELECT ION;

5'. SOTOXY(O,22);

WRITE('Press any key to continue FACTOR analysis ';

SETOPTION(OPT1Ui
SROUPE-12:-NS;

WRITELN(CHR(12),' ':26,CHR(15),' FACTOR ANALYSIS ROUTINE '

4' CHR (14))I
END; (o End of SELECT FACTORS 4

(4 Initialization part of UNIT a

1%' END.

t
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UNIT MU_J; INTRINSIC CODE 20;

INTERFACE
USES TRANSCEND, MAINUNIT, MUE;

PROCEDURE GETCVSS (VAR DATA: RAWDATA; VAR GROUP: HEADER2;
* a. "VAR ALPHA,BETA:MATRIX;NUMREC,WIDTH: INTEGER;
*"" PRINTER: BOOLEAN);

PROCEDURE STRUCTURECORR (VAR ALPHA, BETA, CM: MATRIX; VAR EIGVAL: VECTOR;
VAR SPECSI:HEADERI ;VAR GROUP:HEADER2;
WIDTH: INTEGER;PRINTER:BOOLEAN);

IMPLEMENTATION

* *** **Main body of MU_J *

PROCEDURE GETCVSS;

(a C 0)

(e This procedure calculates the Canonical Variate *)
(scores and then prints and/or saves them, )
(0 as desired. *)

(a Y* - (Y) 0 Alpha X* - (X) * Beta *)

VAR
1,3,L, (0 Iteration counters *)

INDEX, (e Sorter & Eigen counter *)
P, (0 Number of criterions *)
K, (* Number of predictors 4)
N, (* Lessor of P and K *)

.. X, C* Index of X* in SCORES C)

'Y: (4 Index of Y* in SCORES 03

INTEGER;
*. BPCSl: Ce Field names of saved SCORES *)

HEADERI;
A, (e Sorted pointer array a)
OPC62: (* Field widths of saved SCORES *)

OPTI, AM Menu options C)

OPT2:
CHAR;

FIELD: C. Field number Identifier *)

~~(**e**eo.e**..e******seeee***ee*...a.ee....e********e0*******)
Internal Procedures -)

PROCEDURE CALCTHEVALLPES;

% BEG IN
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4% FOR INDEX::1 TO N DO (eCalculate Can Var scores a
AFO Uf-l1 TO NLNIREC DO (4 For each elgenvalue a

X: -2CINDEX;
Y:-X-i;

>4 CORESCLg:O.g; (aset V. 0

IF (ALPHA[3,INDEXJ-99.9999) THEN
-V. SCOREsEL,Y31-99.9999

4. -:ELSE
* IF (SCORESrL,YJ<>99.9999) THEN

SCORESEL,YJ:-SCORESCL,VJ+
DATACL,ACJJJ*ALPHAE3, INDEX3;

-, SCORESCL,X3:-O.O; (aset Xa a
"~ '-'FOR J:-i TO K DO
V IF (UDETArj,INDExJ-99.9999) THEN

SCORESELXJ:-99.9999
ELSE

IF csCORESrL,X3c>99.9999) THEN
SCORESCL, X3: -SCORES EL, X3+

DATACL,AC (P-J) 33*SETAEJ, INDEX3;
END;

ED; ( End of CALCulate THE VALueS 0

PROCEDURE PRINTTHEVALLIES;

SOTOXY(93);
WITELN(O-R(15), * CANONICAL VARIATE SCORES ',CHR(14));

- SOTOXY(2,Sfl

FOR 1:-i TO N DO (0Display headers 0

NRITE('CANVAR' :13,3:2);
* SOTOXY(5,&);

FOR 1:-1 TO N DO
-p.-.- ITE('First Second':15);

* .'~- IF (PRINTER) THEN (0Printer headers a
X BEGIN

WITELN(PTR, 'CANONICAL VARIATE SCORES:');

FOR 1:-i TO N DO
eITE(PTR,'CANVW' :13,1:2);

* FOR 1:-1 TO N DO
WITE(PTR, 'First Second' :15);

IUTV.N(PTR,C-R(13));

FOR L: -1 TO U.3IEC DO (0Display values a
BEGIN

IF MC > 1) AND CL MOD 13 - 1) THEN
BEGIN (0 Paus, at page end 0)
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*WRITE('Press any key to continue ');
SETOPTION (OPT2);
ERASE (6,15);
GOTOXYVO,9);

END; C.End of Pause *

WRITE(L:3,' )
FOR INDEX:=1 TO N DO

e BEG IN
X:=2*INDEX;

WRITE 'SCORESCL,Y3: : 3, SCORESEL, X3: 7: 3)
END,

WRITELN;

IF (PRINTER) THEN (aPrint values a
BEGIN

WRITE(PTR,L:3,' ';
FOR INDEX:=I TO N DO

BEG IN
X:-2*INDEX;
Y: -X-i;
WRITE (PTR, scoREstL, Y3:8:3,

SCORESEL, X3:7: 3)
END;

WRITELN(PTR);
END;

END; (aEnd of Display values 4

IF (PRINTER) THEN
WRxrELN(PTR,CHR(131,;

%. BOTOXY(22,22);
%WRITE('Done. Press any key to continue')

BETOPTION(OPT2);

ERASE (3,21);
END$ ( End of PRINT THE VALUES a

PROCEDURE SAVETHEVALUES;

% BEG IN
% % SOTOXY(0,5);

WRITELN('Make sure a preformattod Data disk is in '

'Drive *2. Press any key to continue');
BETOPTION(OPT2);

FOR INDEX:u1 TO N DO *Set field names 0)
BEGIN

X:-2INDEX;
Y:-X-i;
FIELD: SCOPY(' 123456799', INDEX, 1)J
UPCS11Y3:-CONCAT(' YCV',FIELD,' ');
9PCSICX3:-CONCAT(' XCV',FIELD,' I)$

* END;

3PCS2[-13:-NUMREC; (s et file specs 4

*PCS2CO : -2.N;
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%

FOR INDEX:=l To (2*N) DO (aSet field widths a
SPCS2( INDEX2: =S;

SAVEFILE (SCORES, SPCS , SPCS2);

END; (aEnd of SAVE THE VALUES *

(a Main body of CVSS routine a

BEGIN
P:-GROUPr-1); (aInitialize parameters 4
K:=GROUPE 0);

IF (P>K) THEN
N: =K

ELSE
N: -P;

INDEX:=0; (aSet sequential pointers a
FOR I:=I TO WIDTH DO

IF (GROUPEIJ=l) THEN (aCriterion variable a
BEG IN

INDEX: =INDEX+I;
AC INDEX 3: =I;

END;

FOR 1:-i TO WIDTH DO
IF (GROUP[13=2) THEN (aPredictor variable a

BEGIN
INDEX:=INDEX+l;
AC INDEX): =1;

* . END;

CALCTHEVALUES; (aCalculate CV Scores *
ERASE (22, 1);

* s SOTOXY(O,189;
WRITELN('S&lect desired option:');
WRITELN(l I - Print ',NUMREC,' Canonical Variate '

'Scores');
WRITELN(' 2 - Save the scores to disk*);

e.WITELN(' 3 - Do both Print and Save');
WRITELN(' 4 - Do nothing. Proceed to Canonical '

'Loadings');
SETOPTION(OPTl);
WHILE (OPTI<'l') OR (OPTl>'4') DO

SETOPTION(OPTI1

ERASE C19, 5)9
IF (OPTI-'1') OR (OPT1-'3') THEN (4 Print all the values a

PR! NTTHEVALUES;

IF (OPT1.u'2') OR (OPTIl'3') THEN (aSave to disk a
SAVETHE VALUES;

END; (0 End of SET Canonical Variate ScoreS a
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.b.

PROCEDURE STRUCTURECORR;

.',°" (a This procedure calculates and prints the Structure a)
(* Correlations and the Indexes of Redundancy 0)
(* based on the Canonical Variate Coefficients 4)

(* (Alpha & Beta), the Eicenvalues, and the a)
(a Sample Correlation Matrix (CM). a)

VAR
I,3,L, (a Iteration counters a,
INDEX, (a Index into arrays a)

N.' P, (4 Number o criterions 4)

%'- K, (a Number of predictors a)
N, (a Lesser of P and K a)
ROW: (* Row on screen 4)

INTEGER;
RYSQ, (a Total variance in Y from X a)
RXSQ: (a Total variance in X from Y 4)

REAL;
OPT: (a Menu option 4)

CHAR;
-r NAME: 4* Field or variable name 0)
.; STRING;

NAMES: (* Sorted names by type a)
HEADER1;

VY,( Individual variances in Y 4)

VX: (* Individual variances in X a)
VECTOR;

RYY, (a Criterion self-correlation 4)

RXX, 4* Predictor self-correlation 4)

RY, (* YCANVARs 4)
RX: (a XCANVARs

MATRIX;

(4 Internal Procedures *)
(********a***********4*aa*******************)*

PROCEDURE SORTNAMES;

BEGIN
INDEX:-O;
FOR I:-I TO WIDTH DO (4 Sort names by type s)

IF (SROUPEI3II) THEN 4* Criterions 4)

BEGIN
INDEX:-INDEX I;
NAMESEINDEX]:-SPECSI[I];

END;

FOR 1:-1 TO WIDTH DO
IF 4SROUPEI)C2) THEN (a Predictors a)

BEGIN

INDEX:-INDEX.I;
NAMESLINDEX3:-SPECSICi];

END;

0, 19?
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END; - End o SORT NAMES by type

-'N*

%" ' PROCEDURE GETYCVS;BEGIN

GOTOXY(T,5);
FOR I:=1 TO P DO (*Calculate YCANVAR's *

!!. ;BEGIN

- NNAME'=NAMES[Ill ( Field headers *
S..IF (LENGTH(NAME)>) THEN

WRITE (AME: 9)NAME: =COPY (NAME,I, 8) ;

IF (PRINTER) THEN
WRITE (PTR, NAME: 9) ;

ED END;

' PRE ROW: 7C;
IF (PRINTER) THEN

p ',, WRI TELN (PTR, CHR (13) )

TFOR I: ; TO P DO RY RYY) Alpha
FOR J:-T TO N DO

D BEGIN

NAME:=AMEyI 0,;C'Fedhars )

6, c .FOR L:-1 TO P DO
RY[I,J]:-RY[I,3]+RYY[I,L]*ALPHAEL,J3]

END;

.. , FOR I:-1 TO P DO (*Print the RY's -

%;. BEGIN
GOTOXY(0PEROW,)1;
WRITE('NCV':4,, ),

IF (PRINTER) THEN

. , WRITE(PTR,'YCV':4,1," 0),

FOR J:-1 TO N DO
BEGIN

14RITE (RY I,J3]: 9: 4) |
"'." 'i"IF (PRINTER) THEN

;WRITE(PTR,RYNI,:3:9:4);

. .. .END;
7ROW:-ROW+;

-IF (PRINTER) THEN

. .'.. WRITELN (PTR) !

• .'.VENDI (4 End of Print the RY's e

"-. IF (PRINTER) THEN'-S WRITELN(PTR,CHR(13));

RENDI (o End DET Y Canonical Var(atS RA

. ' PROCEDURE 6ETXCVB;

NBEGIN
FOR 1:-1 TO K DO Calculate the XCANVAR's )

%: BEG IN

S1R 8

•RIE(YC-:41, '
IF (RINER)THE

WRTEPT,'C':,I'")

,","-".• • , -. :,. •- - -, .,.'. . .. , . FOR . . -i".. TO-' N- . DO . , . . ,. , ,.. , ',"., ."-. ,' " ',, , "'...'
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END

NAME-NAMSE (.1)3

IF (PRINTER) THEN

* WTITELN(PTR,CHR(I3));

2/FOR 1:-i To K DO (* X - AXX) *beta *
FOR .7:=I TO N DO

BEGIN
AXE I,3):-0.0;
FOR LI-i TO K DO

RXEI,J3:-AXCI,J3.AxxC,LJ.DETACL,33;
END;

FOR 1:-l TO K DO (a Print the RX's a
BEGIN

GOTOXVO0,ROW);
* ~*WRITEU'XCV':4,I,' V);

IF (PRINTER) THEN
WAITE(PTA,'XCV'I4,I,' ');

FOR lI-I TO N DO
BEGIN

WRITE(AXCI,3:9:4) ;
IF (PRINTER) THEN

WRITE(PTR,RXEI,33:9:4);
END;

ROW: -AOW~l;
IF (PRINTER) THEN

7 WRITELN(PTR8;
END; (aEnd ol Print the AX's a

a' N IF (PRINTER) THEN
WRITELN(PTR,CHR(13));

% . %END; (* End ol BET X Canonical VariateS a

PROCEDURE CALCINDEXES;

BEGIN

- AYS:-O.0;
-'a FOR INDEX:mI TO N DO (0Calculate V variances *sf BEGIN

VYCI NDEX3: -0.0;
FOR 1:-1 TO P DO

VYCINDEX3:-VYEINDEXJ+SOA(AYEI, INDEX));
- VVINDEX:a(VVCINDEXJ/P)*EIGYALEINDEX);

* a RYBO: -RYS-'VYC INDEX];
END;

RXSg: -0.0i
'A. FOR INDEX:-1 TO N DO (aCalculate X variances *
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PROCEDUR ES PINTRSL

p VXCINDXBEGINO

FO FO::l TO DO

END;

WRED; ITEnd o:1 C --L-u-ate INDEXES SG349 of reunacy*

PRCEUR PRINTRUT;N

BEGIN

- WITEN(CRTLS),X:,' INEE OF REDUNDANCY '

* . IF (PRINTER) THEN
WRTLPRIENDEXES OF RE.DUNDANCY',CVREl3:6:4)

NRTELN ( 6'VY':10,,' a *YYEI:63:4)P oI 1

IF (PRINTER) THEN

WRITELN(' ':i,--',-------',CHR(13),R3:4, 3of ,
' ftotal variance'(3);

IF (PRTE) THEN
WRTL(T,''i,-----'CR13,YK34

ELfttaSEiac'CH~3)

FOR J~a TO N 0D

VDE INN



N:=P;

FOR I:-i TO P DO (e Access sel4-correlations )

FOR 3:-i TO P DO
RYY[I,3:=CMEI,32;

FOR i:-i TO K DO
FOR 3:=1 TO K DO

RXXtI,3]:-CM[(PtI), (P+J)3;

SORTNAMES; (a Sort names by type 4)

GOTDXY(5,3);
WRITELN(CHR(15),' STRUCTURE CORRELATIONS ',CHR(14));

IF (PRINTER) THEN (4 Printer heading 0)

BEGIN
WRITELN(PTR,'STRUCTURE CORRELATIONS:',CHR(13));
WRITE(PTR,' -:7);

END;

SETYCVS; (* Calculate the YCANVAR's a)

ROW: ROW+2;
IF (PRINTER) THEN

WRITE(PTR,' ':7);
BOTOXY(7,ROW);

SETXCVS; (a Calculate the XCANVAR's a)

ERASE (22,1
OTOXY(16,22);
WRITE('Press any key to get Indexes of Redundancy ')S
BETOPTION(OPT);

ERASE(3,20);
-OTOXY(O,22);

WRITE('Calculating Indexes of Redundancy .

'Please stand by ");

CALCINDEXES; (a Indexes of Redundancy )

ERASE(22,1);
PRINTRESULTS; (e Print Indexes of Redundancy 0)

BOTOXY(16,22);
WRITE('Done. Press any key to exit CANCOR ")i
*ETOPTION(OPT)I

END; (e End of STRUCTURE CORReIations *)

(eeeneee.neeeeeeeeoe.eelseaseeeeeWeao*eefflol*000040lf*0o)

(a Initialization part of UNIT 0)
(eeeee..eao*oen*eeeeeaeaeee*ae..oeee..eeea*eeaeeeae***oee*e*****)

END.
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UNIT MU_K1 INTRINSIC CODE 21;

INTERFACE
USES TRANSCEND, MAIN_UNIT, MUE;

PROCEDURE GETFACTSCORES(VAR DATA:RAWDATA;VAR COEF:MATRIX;
VAR GROUP:HEADER2;NUMREC,WIDTH:INTEGER;
PRINTER:BOOLEAN);

PROCEDURE FACTORMAT(VAR EIGVAL:VECTOR;VAR EIGVEC,FACTCOEF:MATRIX;
A "o%"VAR SPECSI:HEADERI;VAR GROUP:HEADER2;

WIDTH:INTEGER;PRINTER:BOOLEAN);

PROCEDURE GETCANCORSTATS(VAR EIGVALCANCORSWILKSL,CHISOR:VECTOR;
NUMREC,P,K:INTEGER;PRINTER:BDOOLEAN);

IMPLEMENTATION

(4**444*e44a*44**44******4aa***************e*****4e*****e**

(4 Main body of MU_K 4)
(444444444*4**eaasee***4****444444****4*4****4444***4**4**4****)*

PROCEDURE GETFACTSCORES;

(4*.44*******..a*****4*********.******4****..**a.***.a***44***
(. 0)

(4 This procedure calculates the Factor Scores and then 0)
.(4 prints and/or saves them, as desired. 4)

( ~F(i) - X 4 Alpha(i) 4)

VAR
I,3,L, (e Iteration counters 4)

N, (0 Number of manifestations 4)

NS: (4 Number of Significant Factors 4)
INTEGER;

SPCSI: (4 Saved field names 4)

HEADERI;
A, (4 Pointers to manifestations 4)
SPCS2: (4 Saved filed widths 4)

HEADER2;
JOB, Ce Menu options 4)

OPT:
CHAR;

FIELD: (e Field number identifier 4)

STRING;

(eeeeeeeeeeeaeeeeeeoeeoeeeeeeeeoosseeeeeoeeeeeoeeeee*44)
(e Internal Procedures

PROCEDURE CALCTHESCORES;

BEGIN
FOR L:-I TO NU9REC DO

FOR 1:-i TO NS DO
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BEGIN
MCDOE9CL,13:-Q.O;
FOR J:-i TO N DO

OCORESEL, 13:-SCDRESEL, IJ.
DATACL,AE33.COEFE3, I,;

END;
ENDI Endo# CALCulate THE SCORES a

PROCEDURE PRINTTHESCORES;

BEGIN
ERASE(19,4)#
SOTOXY (30,3);
WRITELN(C4R(15),- FACTOR SCORES ',CHR(14))

OWTOXY(O,S)1 (0 Display the headers 5

FOR 1:-1 TO NS DO
WRITEV' FACT ',I,' )

inITELN(CHR(13) )

IF (PRINTER) THEN (a Print the headers a
BEGIN

WRITELN(PTR, 'FACTOR SCORES:' ,CHR(13));
* SmITE(PTR,- 'tlO,'CASE -)I

FOR 1:-l TO NO DO
WRITE(PTR,- FACT -,I,- -)I

WRITELN(PTR,CHR(13) )
END;

FOR L:-1 TO 1NHREC DO (a Print all the scores a
BEGIN

IF CCL > 1) AD ML NOD 14 - M) THN (0 Pause a
BEGIN

UTOXY22,22);
WRITE('Press any key to continue 9)0
IUETOPTION (OPT)i
ERASE (7, 14&)1
WDTOX(0,7)1

END; (a End o4 Pause at page end a

FO3R I:mI TO NO DO
UNTE SCOMEL,13: 7: 4, ')1

0. WRITELMI

IF (PRINTER) THEN
BES IN

4 ~~WITE(PTR,L:13,'*)
FOR 1:-l TO NO 0O

UNITECPTR,-rn OISL,13:7:4,0 P~

WIITELN(M~ri

DO1 (0 End of Print all the scores a

UOTXY(22, 22);
UITEC'Dne. Press any key to continue P)l
UBfTOPTION COPT)U

W%..
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ERASE(3, 20);

END; (o End 04 PRINT THE SCORES a)

PROCEDURE SAVETHESCORES;

BEGI N
ERASE (19,4);
GOTOXY(O,5);
WRITE('Maie Sure a Pr04ormatted Data dls' is '

'on-line. Press any key to continue '
.1~~ SETOPTION(OPT);

FOR I:-I TO NS DO (0 Set field names a
BEG IN

<.FIELD: -COPY ('123456799',I, 1);
SPCSICIJ:-CONCAT(' FACT 'pFIELD,' '

END;

SPCS2r-1 3:-NUMRECI

SPCS2rOJ: -NS;

FOR I:-I TO NS DO
SPCSZC I J-9;

SAVEFILE(SCORES,SPCSI,SPCS2);

END; (4 End 04 SAVE THE SCORES a

-'. ~. (0Main body o4 SETFACTSCORES a

V-4 BEGIN
NS: -BROUPt-131 (a Initialize parameters a
N:-GROUPCOJ;

f FOR 1:-i TO WIDTH DO (goSt sequential pointers *
IF (SROUPElJ>0) THEN

BEG IN

ACJ3:nI;
END;

CALCTHESCORES; (aCalculate Factor Scores a
ERASE (22,I)l

4, GOTOXY (0,19);
WRITELN('Select desired option:');
WRITELN(' I -Print ',NUIMREC,' Factor Scores');
WITELN(' 2 -Save the scores to disk');
WRITELN(' 3 - Do both Print and Saye');
bPITELN(' 4 - Do nothing. Exit FACTOR routine');
UETOPTION(JOD);
WHILE (J03('1') OP (JO3)'4') DO

SETOPT ION(JOB) I
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ERASE(IS,5)!
IF (J0B='1") OR (JOB='3') THEN

PRINTTHESCORES;

IF (J0B='2') OR (J0B='3') THEN
SAVETHESCORES;

GOT0XY(16,22);
WRITE('Pross any key to exit FACTOR routine 1);
GETOPTION(DPT);

END; (*End of GET FACTor SCORES *

PROCEDURE FACTORMAT;

(4 This procedure calculates and prints the Factor e
(a Loadings, Communalities and Factor Score *
(4 Coe#ficienvts #or each of the designated *
(a variables under FACTOR analysis. *

VAR

I'3, (a Iteration counters e
INDEX, (a Index of designated field *
N, (*Number of total factors a
NS: (*Number of selected factors 0)

INTEGER;
sum: (eSum of squares (normalize) 0)

REAL;
COMMUNAL: (*Total communalitivs 0)

FACTLOAD: VECOR Principal Factor Loadings 0)

OPT. MATIX Menu option a

NAME, CHAR Name displayed on screen 0)

NAMEP: (a Name printed on printer 0)

STRING;

(a Internal Procedures e

PROCEDURE NORMALIZE; (sRequired wigenvectors 0)

BEGIN
FOR J:-1 TO NS DO

BEGIN
BUM: -0. 0;
FOR 1:-l TO N DO

BUM: -6UM+QR (E I VEC II J3])1
FOR I:mI TO N DO

KEVECEIJ]:-EIGWEl[,J3/$M1T(BUM) I
END;

END; (sEnd of NORMALIZE eigenvectors 0)

205

4. i ' ". ' ".", . -"% . . , % . - . .• - . . - 1 . . % . , . . .



or 7.TO -

PROCEDURE GETSTATS;

BEGIN
FOR I:=l TO N DO

FOR J:-1 TO NS DO
-' FACTLOADrI,J3:2SORT (EIGVALEJ)EIC-VECtI ,J3;

FOR I:-i TO N DO
FOR J:ml TO NS DO

BEGIN
COMMUNALCI):=COMMUNALEI).SOR(FACTLOADC1,J3));
FACTCOEFEIJ):=FACTLOADC I,J3/EIGVALEJ);

IF (COMPIUNALrI3 > 1.0) THEN

COPIMUNALEI):- 1.0;
END;

END; (*End c4 GET STATioticS e

A PROCEDURE PRINTLOADINGS;

BEGIN
* GSOTOXY(9,7);( Print headers C

FOR 1:-l TO NS DO
WRITE(' FACT ',I,'')

WRITELN(CHR(13));

'S.,'IF (PRINTER) THEN
BEGIN

WRITE(PTR,' ':17);

FOR 1:-l TO NS DO
WRITE(PTR,- FACTOR -,I);

WRITELN(PTRCHR( 13));
END;

INDEX:-0; (aPrint the values a
* FOR 1:-l TO WIDTH DO

IF (GROUPEI3>0) THEN (a Designated variable 4

BEG IN
"S INDEX: -INDEX+l;

NAMEP:-SPECSIE13;

IF (LENOTH(MAPIEP)>15) THEN

NAMEP: uCOPY (NAMEP, 1.15);

IF (LENGTH(NAMEP)>B) THEN

EENAME:-COPY(NAMEP, 1,9)

NME: -NAMEP;

PRITE(NAE:9 I)$
IF (PRINTER) THEN

WITEPTR,NAMEP:15,' ');

FOR J:-1 TO NS DO
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BEGIN
WRITE(' ',FACTLOADEINDEX,J3fl&4,'*;
IF (PRINTER) THEN

WRITE(PTR,'
FACTLOADEINDEX,3::4,' )

END;

WRITELN;
IF (PRINTER) THEN

WRITELN(PTR);
END;

ti. END; (aEnd o4 PRINT Factor LOADINGS a

PROCEDURE PRINTCOMMUNALITIES;

BEG IN
* 6DTOXY(O,5);
a. WRITELN('VARIABLE' :17, 'COMMUNALITY': 16);
'S'..IF CPRINTER) THEN

WRITELN(PTR,CHR(13), 'VARIABLE' :17,
'COMMUNALITY':116, CHR(13))1

SOTOXY (0,7);

t "p !NDEX:-0; ( Print the values a
FOR 1:-i TO WIDTH DO

A/.IF SGRDUPLIJ>Q) THEN
BEG IN

XNDEX:=INDEX.1;
NAME: -SPECE 12;

IF (LENSTH(NAME)>15) THEN
NAME: -COPY (NAME, 1, 15);

WRITELN(NAMEI15,' ':5,' '

COMMUNALEINDEXI:5:4,' V);

- IF (PRINTER) THEN
WRITELN(PTR,NAME:15,' ':5,' '

Cd COMMUNALEINDEX:5:4,' 1
END;

IF (PRINTER) THEN
WRITELN(PTRI,CHR(13)8;

END; (4 End of PRINT COMMUNALITIES a

N;-. PROCEDURE PRINTCOEFFICIENTS;

DESGIN
SOTOXY(0,5);
WRITELN( FACTOR SCORE COEFFICIENTS:');
IF (PRINTER) THEN

67 WRITELN(PTR,'FACTOR SCORE COEFFICIENTS:',CHR(13));

Z 1SOTOXY(9,7); (0 Print headersa
FOR 1:-l TO NB DO

WRITEV' FACT P,1,'';

ISP4  RITELN(CHR (13));
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IF (PRINTER) THEN
BEGIN

WRITE(PTR,' ':19);
FOR I:-I TO NS DO

WRITE(PTR,' FACTOR ',I,' ');
WRITELN(PTRCHR(13));

END;

INDEX:-O; (4 Print the values a)
FOR I:-1 TO WIDTH DO

IF (GROUPEI]>O) THEN (* Designated variable a)

INDEX:-INDEX I;
NAMEP:-SPECSIC1j;

IF (LENGTH(NAMEP)>15) THEN
NAMEP:-COPY(NAMEP, 1,15);

IF (LENGTH(NAMEP)>8) THEN

NAME:aCOPY(NAMEP, 1,9)
ELSE

NAME:-NAMEP;

WRITE(NAME:9,' ');
IF (PRINTER) THEN

WRITE(PTRNAMEP:15,'

FOR J:-i TO NS DO
BEGIN

WRZTE(' ',FACTCOEFLjNDEX,3J:&:4,' "fl
IF (PRINTER) THEN

WRITE(PTR,"
FACTCOEFLINDEX,3):6:4,' ';

END;

WRITELN;
IF (PRINTER) THEN

WRITELN(PTR);K END;
IF (PRINTER) THEN

WRITELN(PTR,CHR(I3));
END; (* End of PRINT factor score COEFFICIENTS V

(* Main body of FACTOR MATrix a)

BEGIN

(OOR TRANSCEND a) (a Retain UNIT in memory a)

NB:.eROUP-1] (a Initialize parameters a)

N:-SROUPCOI;
FOR 1:-1 TO N DO

OOMPUNALCII:iO.O;

NORMLIZE;

%ETSTATS;
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ERASE(22,1);

GOTOXY(O,5);
WRITELN('FACTOR MATRIX USING PRINCI. L FACTOR(S):');
IF (PRINTER) THEN

WRFITELN(PTR,'FACTOR MATRIX USING PRINCIPAL FACTOR(S):',
CHR(13));

PRINTLOADINGS; (a Factor loadings a)

SOTOXY(O,22);
WRITE(CHR(29),'Press any key to print Communalities ');
SETOPTIONWOPT);
ERASE(5,18);

PRINTCOMMUNALITIES; (* Total explained a)

GOTOXY(0,22);
WRITE('Press any key to print Factor Score Coeiiicients ');

GETOPTION(OPT);
SPERASE(5,18);

PRINTCOEFFICIENTS; (* Factor coefficients a)

SOTOXY(22,22);
RITE('Press any key to continue ');
BETOPTION(OPT);
ERASE(5,18);

IF (PRINTER) THEN
FOR I:sa TO 3 DO

WRITELN(PTR);
END; (a End of FACTOR MATrix 4)

PROCEDURE GETCANCORSTATS;

***e*aaa*aaa******eaaa**********a**********a****)

4* This procedure calculates the Canonical Correlation, a)
(* Wilk's Lambda, and Chi Square statistics from a)
* 4* the Eigenvalues and then prints them all.
(* a)

VAR
I, (a Iteration counter 4)

INDEX, (a One of 'N' values a)
N: (4 Lessor of P and K a)

INTEGER;
MULT, 4* Multiplication constant 4)
VALUE: 4* Calculated Wilk's Lambda *)

REAL;
OPT: Menu option

CHAR;

. (eeeeeeeaee*aeaeasee*eaaaeaas ee*e**aee***a*eee,a***a)
( Internal Procedures )
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PROCEDURE CALCSTATS;

BEGIN
MULT:--(NLJMREC-l-(P+K+.L/2.fl;
FOR INDEX:=1 TO N DO

BEGIN
IF (EIGVALCINDEX)>0.0) THEN

ELECANCORSEINDEX]:=SQRT EIGVALt INDEX)

CANCORSf INDEX]: =99.9999;

VALUE:-: .0;
FOR 1:-INDEX TO N DO

VALUE: -VALUE. (1. 0-EIGYALE I3);

WILKSLC INDEX 2:-VALUE;

IF (VALUEC=0.0) THEN
CHISORE INDEX]: =99.9999

ELSE
CHISORt INDEX]: -MULT*LN(CVALUE );

END;
END; (aEnd of CALCulate the STATisticS a

PROCEDURE PRINTHEADINGS;

BEGIN
GOTOXY (13,5);

9.. WRITELN(CHR(15),' CANONICAL CORRELATION ',CHR(14)l;
~.1, SOTOXY(OB);
9. ~WRITELN('CANONICAL' :30, 'WhY' '':9, 'CIII-':8);

-A-- WRITELN('NUMBER' ,'EIGENVALUE' :12, 'CORRELATION' :13,
V 'LAMBDA' :9,'SQUARE' :9,CHRC13));

IF (PRINTER) THEN C'Printer Headings '

-. BEG IN
9*;J ~WRITELN(PTR, 'CANONICAL' :30, 'WILI''':9, 'CHI-' :9);

WRITELNCPTR, 'NUMBER', 'EIGENVALUE':12,
'CORRELATION' :13, 'LAMBDA':9, 'SQUARE' I9);

WRITELN(PTR);
END;

END; C'End of PRINT the HEADINGS a

PROCEDURE PR INYSTATS;

DESGIN
FOR INDEX:-1 TO N DO (aOutput statistics '

DEG IN
WRITELNCINDEX:3,EIGVALCINDEX]: 13:4,

CANCORSEINDEX3: 12:4,WILKSLEINDEXI: 11:4,
CHISQRC INDEX2: 9: 4)

IF (PRINTER) THEN
WRITELN(PTR, INDEX:3,EIGVALCINDEXJ: 13:4,

CANCORSE INDEX): 12:4,
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WILKSL[INDEX):11:4,

CHISQRLINDEX]:9:4);

END;

IF (PRINTER) THEN

WRITELN(PTF,CHR(13));
END; C' End of PRINT the STATisticS *)

*******4a4*******ee**********ee**a*************e**)*

(4 Main body of GETSTATS a)

BEGIN
(*$R TRANSCEND a) (a Retain UNIT in memory *

IF (P>K) THEN (a Initialize parameters *)
N:=K

ELSE
N: =P;

CALCSTATS; (a Calculate the statistics a)

GOTOXY(16,22);
WRITE('Done. Press any key to print results. ');
GETOPTION(OPT);
ERASE(20,3);

PRINTHEADINGS;

PRINTSTATS; (a Print the statistics a)

END; (a End of GET CANCOR STATisticS a)

(a Initialization part of UNIT 4)*a*****a******a*a*aa********a******a*****************a*****

END.
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